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ABSTRACT 
THE USE OF ENZYME IMMUNOASSAY FOR THE QUANTITATIVE 
ANALYSIS OF AN INSECT GROWTH REGULATOR AND INSECT JUVENILE 
HORMONE FROM ENVIRONMENTAL AND BIOLOGICAL MATRICES 
FEBRUARY, 1992 
JOANNE V. MEI, B.S. UNIVERSITY OF MASSACHUSETTS 
M.S. UNIVERSITY OF MASSACHUSETTS 
Ph.D. UNIVERSITY OF MASSACHUSETTS 
Directed by: Professor Chih-Ming Yin 
Two immunoassay formats were developed for the detection of low levels of 
the insect growth regulator, methoprene. The generation of methoprene-specific 
antibodies needed for such assays relied on the preparation of a methoprene-carrier 
immunogen. 1 l-Methoxy-3,7,1 l-trimethyi-2E,4£-dodecadienoic acid was covalently 
bound to a protein carrier via a spacer group. Two activated ester methods were used 
to prepare the immunogen, one of which forms a water soluble, activated ester of 
methoprene. Polyclonal antibodies raised against the methoprene immunogen were 
highly specific for methoprene. An indirect enzyme-linked immunosorbent assay 
(iELISA) and a competitive inhibition enzyme immunoassay (CIEIA) were 
developed using the polyclonal antisera. The range of the methoprene indirect 
ELISA was from 5 to 300 ng/mL (ppb), with an I50 of 50 ng/mL, while the CIEIA 
had a range from 1.0 to 10 ppb, with an I50 of 3.5 ppb. 
An indirect ELISA was also developed for insect juvenile hormone III from 
rabbit polyclonal antisera. The synthesis of several juvenile hormone derivatives 
used to prepare a juvenile hormone immunogen is described. The immunogen 
consisted of juvenile hormone HI bound to a spacer arm via an ester, which was 
bound, in turn to a carrier protein via an amide bond. The resulting immunochemical 
Vll 
assay showed high specificity for juvenile hormone III, with an I5Q of 225 ng/well. 
The juvenile hormone homologs, I and II, had I50's of 5000 and 800 ng/well, 
respectively. Other juvenile hormone analogs cross reacted with the juvenile 
hormone III antibody to a much lesser degree. The juvenile hormone ID indirect 
ELISA has great potential for becoming the first readily available, easy-to-use 
analytical technique for the quantification of the hormone from biological materials. 
• • • 
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CHAPTER 1 
INTRODUCTION 
1.1 Importance of Immunochemical Techniques for Pesticide Residue Detection 
Immunochemical methods have been used for the past three decades for the 
detection of molecules from biological samples. The first immunuoassays developed 
were in the form of radioimmunoassays and were used to quantify insulin from blood 
(Yalow and Berson, 1960). Immunoassay technology has expanded to include the 
detection of drugs, hormones, proteins, microorganisms, DNA adducts, and pesticides 
and other environmental contaminants (Van Vunakis, 1990). 
Because immunoassays rely on the generation of specific antibodies raised 
against the analyte to be measured, where analyte refers to the compound for which 
an assay is developed, their acceptance as an analytical tool has been slow among 
analytical chemists. Analytical chemists have traditionally used techniques such as 
gas liquid chromatography, high pressure liquid chromatography, or mass 
spectrometry coupled to a chromatographic technique, to quantify pesticides from 
environmental matrices. Although these techniques are scientifically established, 
they may be limited in sensitivity and quite costly in terms of equipment, supplies, 
and in the amount of time required for processing and analyzing samples. 
Immunochemical techniques, on the other hand, make use of specific 
antibodies in a competitive binding reaction to detect analytes. The antibody takes 
the place of the chromatographic device by binding to the analyte such that the 
2 
binding results in a quantitative measurement of analyte concentration. Because a 
protein (antibody produced in a mammal) does the "work" of a machine, there has 
been a bias among chemists against the adoption of immunochemical methods for 
pesticide residue analysis. Immunochemical techniques, as opposed to physical or 
chemical techniques for residue analysis, have been criticized by analytical chemists, 
despite the fact that immunoassays work by physical and chemical properties and can 
be explained by the law of mass action (Hammock and Mumma, 1980). This bias has 
probably been due to a the lack of understanding of all the disciplines needed to 
develop immunoassays (Hammock et al., 1990). Synthetic organic chemistry, protein 
modification, immunology, enzymology, and analytical chemistry must all be 
combined to design a successful immunoassay. 
Immunochemical methods have just recently become an important tool for 
detecting environmentally important compounds. These techniques are at the 
"cutting edge" of analytical research. They can be formatted in many ways for either 
quantitative measurements or qualitative measurements used for mass screenings or 
on site analysis. Once an immunochemical technique is mastered, the ease of use of 
immunoassays makes them a compatible companion to traditional analytical methods. 
Immunoassays offer an excellent alternative for detecting pesticide residues when 
other analytical methods require extensive sample clean-up or derivatization prior to 
application of that method. The importance of immunochemical methods is evident 
when one considers the potential applications for environmental monitoring, 
advances in biosensors for both environmental and biological uses, and regulatory 
uses. 
1.2 Importance of Immunogen Design 
The above discussion describes a very optimistic picture for potential 
applications of immunochemical techniques. To realize this potential, one has to 
raise specific antibodies, capable of detecting an analyte in the parts per million 
(ppm) to parts per billion (ppb) range, where one ppm is equivalent to one mg/L and 
one ppb equals one pg/L. This level of sensitivity is at the level of, or greater than, 
most generally available analytical techniques. 
Specific antisera may be generated by immunizing an animal with an 
immunogen consisting of the analyte covalently bound to a large carrier protein 
(greater than 10,000 molecular weight). In contrast, most analytes (drugs, hormones, 
pesticides, or compounds with a molecular weight of less than 2500) are 
comparatively small and are not by themselves immunogenic. They must be 
presented to the animal's immune system in connection with the carrier protein. 
Small molecules bound to carriers for the purpose of immunization are also referred 
to as haptens. 
Often small molecules or analytes do not contain functional groups for 
conjugation to the carrier protein. The site for introduction of functional groups on 
the analyte greatly influences the specificity of the resulting antibodies raised against 
the hapten-protein conjugate. Antibodies are generally more specific for that part of a 
hapten distal from the point of attachment to the carrier protein (Harrison et al., 
1991a; Harrison et al., 1991b; Goodrow et al., 1990). The design of an immunogen is 
of great importance to obtain antisera of the desired specificity and sensitivity. 
Continuing along the line of my previous work on the rational design of an 
immunogen for the insect growth regulator, methoprene (1), this dissertation reports 
the synthesis of an immunogen for insect juvenile hormone III (7), which is related to 
j* 
methoprene (Figure 1). The design of the immunogen for methoprene has been 
4 
Figure 1. The structure of methoprene (1) and its analogs, the juvenile hormones and 
juvenile hormone derivatives. 
5 
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described elsewhere (Mei, 1988; Mei et al., 1990; Mei et al., 1991). Briefly, 
methoprene was covalently bound to the earner protein, human serum albumin, via 
an amide bond to a butanoyloxy spacer group (Figure 2, Structure 10). This design 
took advantage of the ability to easily modify the ester function of methoprene 
without altering the rest of the molecule. 
The polyclonal antisera raised against the methoprene immunogen in rabbits 
were highly specific for methoprene, did not cross react with the methoprene analogs 
hydroprene (3) and kinoprene (4), or juvenile hormone HI (See Figure 1 for chemical 
structures and Chapter 3 for cross reaction experiments). All of these compounds 
share structural features such as sites of unsaturation, carbon chain length, ester 
functions and oxygen-containing terminal functionalities, yet the methoprene antisera 
selectively recognized methoprene over the other compounds, even when those 
materials were present in great excess. This phenomenon can be attributed, for the 
most part, to the design of the methoprene immunogen. 
One area crucial to immunogen design is the use of spacer groups to extend 
and expose the hapten in order to gain a more specific antibody recognition. The 
nature of the spacer group has been shown to greatly influence the specificity of the 
resulting antisera (Vallejo et al., 1982; Harrison et al., 1991a). If new functions such 
as glutarimine or diazobenoic acid, were introduced at previously unfunctionalized 
positions to allow for the conjugation of the analyte to the carrier protein, the 
resulting antibodies invariably recognized the new groups as important antigenic 
determinants (Vallejo et al., 1982). However, if spacer groups were chosen which 
were immunologically "inert", such as butanoyl (four carbon) or pentanoyl (five 
carbon) groups, the resulting antisera could detect analytes at much lower starting 
concentrations, and over a broader range of concentrations (Goodrow et al., 1990). 
7 
Figure 2. The structure of the methoprene immunogen (10), and the juvenile 
hormone immunogens (11,12,13). 
7 
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1.3 Types of Immunochemical Assays 
Immunochemical techniques are the latest in analytical methods for pesticide 
residue detection. Once a specific antibody has been obtained against the analyte of 
interest, a number of assay formats may be implemented. The enzyme 
immunochemical format, where either an antibody or the analyte is labeled with an 
enzyme tag, has become very popular. 
The enzyme immunoassay can be defined as quantitative immunological 
procedures in which the antigen-antibody reaction is monitored by enzyme 
measurements (Nakamura et al., 1986). These reactions obey the law of mass action 
where, 
kl 
Ligand + Antibody --^ Ligand-Antibody Complex 
<-- 
k2 
On the left, free ligand combines with antibody to form the complex with a rate 
constant of k,. At equilibrium, the complex on the right dissociates with a rate 
constant of k.2 to form free ligand and antibody. 
For residue analysis applications, the above reaction can be exploited in a 
number of formats which can be used for rapid, qualitative field measurements, as 
well as highly quantitative laboratory measurements (Jung et al., 1989). All of the 
formats used for pesticide analysis share three components: specific antibody, 
conjugated hapten, and target analyte. The basis for measurement of the analyte is 
the competition of the analyte with the binding of specific antibody with conjugated 
hapten, dependent on the structural similarity between the analyte and the conjugated 
hapten (Jung et al., 1989). 
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1*3*1 The Indirect Enzyme Linked Immunosorbent Assay 
The indirect enzyme linked immunosorbent assay (iELISA) is the format most 
often used for pesticide analysis. In this assay, antigen (hapten-protein conjugate) is 
adsorbed or immobilized to a solid support. A competition reaction occurs between 
the immobilized antigen and an unknown or variable amount of soluble analyte 
(sample), for a fixed amount of soluble antibody (Jung et al., 1989). The 
concentration of the analyte in the sample is measured indirectly by the quantification 
of bound antibody after it is separated from free antibody (Figure 3). 
TT2 The Competitive Inhibition Enzvme Immunoassay 
Another immunochemical enzyme assay often used in pesticide analysis is the 
competitive inhibition enzyme immunoassay (CIEIA). In this format the analyte is 
first conjugated to the enzyme in a separate reaction. The analyte-specific antibody is 
immobilized on the solid support. A fixed amount of enzyme labeled analyte, in 
addition to an unknown or standard amount of unlabeled analyte is added. The 
enzyme labeled analytes and unlabeled analytes in solution compete for antibody 
binding sites. After removal of unbound analyte, substrate is added. The amount of 
analyte is quantified directly, where as the amount of unlabeled analyte increases, the 
amount of bound, labeled analyte decreases, resulting in a decrease in colored product 
(Figure 4). 
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1.4 Application of Immunochemical Techniques to Insect Juvenile Hormone and 
Methoprene 
The format of enzyme immunochemical assays makes them ideal for the 
quantification of lipid molecules like insect juvenile hormone and methoprene. 
Conventional analytical methods for the detection of these compounds have required 
extensive sample purification and/or derivatization steps to prior to analysis (See 
Chapter 2). Enzyme immunoassays due to their specificity, have the potential to 
eliminate many of the procedures needed to process biological or environmental 
samples before analysis. 
1.4.1 The Methoprene Immunoassays 
Using methoprene-specific antisera, immunological assays were developed 
for methoprene for the detection of residues from such matrices as tobacco (Mei et 
al*» 1990, Mei et al., 1991), wheat grain (Hill et al., 1991), and water (unpublished 
results). This dissertation describes the development of a methoprene indirect 
enzyme linked immunosorbent assay, which has formed the basis of a methoprene 
competitive inhibition enzyme immunoassay (Hill et al., 1991). These assays have 
greatly reduced the cost and amount of time required to determine methoprene 
residues, and may, in the future, be used as a screening device for large numbers of 
samples. 
I-4-2 Development of an Immunochemical Assay for Juvenile Hormone 
The quantification of insect juvenile hormone has posed a major problem over 
the years for insect physiologists and chemists alike. Numerous methods have been 
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developed for juvenile hormone titer determination and biosynthesis. These include 
biological assays, radiochemical assays, chromatographic techniques, physical- 
chemical methods, and immunochemical methods such as radioimmunoassay and 
enzyme immunoassay (Tobe and Stay, 1985; Baker, 1990; Baker et al., 1990). All of 
these methods have been put forth as reasonable ways of measuring juvenile hormone 
titers. However, they all have disadvantages associated with them, from lack of 
required instrumentation, to difficulty in reproducing results using the same methods, 
either in the same laboratory or in another laboratory with the same insect species, to 
a lack of general availability of immunochemicals. Physical-chemical methods (i.e. 
gas chromatography coupled to mass spectrometry) or chromatographic techniques 
remain the most reliable methods for juvenile hormone quantification, but very few 
laboratories are equipped to carry out analyses using these methods. 
It has become apparent that a simple, readily available technique for juvenile 
hormone quantification is still needed. The immunochemical assays developed for 
juvenile hormone have not satisfied the needs of the entomological community. They 
have fallen short both in terms of being easy-to-use or providing all interested 
researchers with anti-juvenile hormone antisera (See Chapter 2). 
The advantages of developing enzyme immunochemical assays for juvenile 
hormone make such an endeavor worthy of the effort. This is especially true in light 
of the success of the methoprene enzyme immunochemical assays. As demonstrated 
for methoprene, the development of an competitive inhibition enzyme immunoassay 
for insect juvenile hormone should be an attainable goal. In fact, the chemistry 
needed to develop a methoprene immunochemical assay was originally designed as a 
model system, with the hope that the system could also be used to develop a similar 
immunochemical assay for juvenile hormone (Mei, 1988). 
This dissertation describes in detail the development of methoprene 
immunoassays, from the characterization of polyclonal anti-methoprene antisera, to 
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the application of the assay to real samples. This dissertation also describes the 
preparation of the juvenile hormone derivatives needed to form a juvenile hormone 
immunogen, the characterization of polyclonal anti-juvenile hormone antisera, and 
development of a juvenile hormone competitive inhibition enzyme immunoassay. 
The immunochemical assays developed for both methoprene and juvenile 
hormone were both prudently designed to give rise to antisera which could recognize 
the respective analyte, and discriminate the analyte from related compounds. This 
was accomplished by careful derivatization of the analytes to introduce functional 
groups, incorporation of four carbon spacer groups, and controlled conjugation to the 
carrier protein. Theoretically, such care should result in specific antisera which can 
be employed in a number of immunochemical formats, as was evident in the case for 
the methoprene immunoassay. Regardless of the amount of time and care invested in 
a research effort, the desired result is not always obtained. The results from the 
juvenile hormone assay, however, indicate that the antisera from two rabbits 
specifically recognize juvenile hormone in a competitve assay (See Chapter 5). 
Efforts are continuing to raise specific juvenile hormone antisera, and will 
concentrate on studying the cross reactivity of the antisera for juvenile hormone 
homologs and related compounds. 
CHAPTER 2 
LITERATURE REVIEW 
2.1 Analytical Techniques for Determining Methoprene Residues 
Methoprene, isopropyl 1 l-methoxy-3,7,1 l-trimethyl-2£,4Zs-dodecadienoate 
(1) (Figure 1) is one of a class of insecticides known as insect growth regulators. 
Methoprene mimics insect juvenile hormone and interfere with development, 
metamorphosis, and reproduction. Methoprene has been used commercially to 
control a number of insect pests including the cigarette beetle, the tobacco moth, 
mosquitoes and other dipterans, fleas, aphids, and ants. Methoprene has also been 
evaluated as a potential grain protectant in Australia, the United Kingdom and the 
United States (Mian and Muller, 1983; McGregor and Kramer, 1975). 
2.1.1 Chromatographic Techniques 
Methoprene residues are usually monitored to ensure proper application rates 
and efficacy of control (Heckman and Conner, 1989). Several chromatographic 
techniques have been reported for determining methoprene residues, with gas liqiud 
chromatography and high pressure liquid chromatography being the most common 
methods. Analysis of methoprene residues, however, has been problematic as its 
elemental composition is only carbon, hydrogen and oxygen, and precludes the use of 
selective element-sensitive detectors (Dunham et al., 1975). 
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A general method for determining methoprene residues was developed for gas 
liquid chromatography using nonspecific flame ionization detectors. Use of such 
equipment dictated that sample extracts be cleaned up by liquid chromatography on 
Florisil and alumina prior to gas liquid chromatography (Miller et al., 1975). The 
identity of suspected residues was confirmed by additional gas liquid chromatography 
(flame ionization detector) using stationary phases of differing polarities, and by gas 
liquid chromatography coupled to mass spectrometry. The lower limit of detection 
using this system was 0.0004-0.001 ppm for water samples, and 0.005-0.010 ppm for 
such plants as forage grasses, forage legumes, and rice foliage (Miller et al.,1975). 
Because of the large sample size (20 g) needed for the gas liquid 
chromatography method presented by Miller et al. (1975), a high pressure liquid 
chromatographic method for determining methoprene residues was developed which 
could handle smaller samples (2 g) of bovine fat (Hunt and Gilbert, 1976). Fat 
samples were subjected to acetonitrile extraction followed by chromatography on 
acidic alumina before purification by high pressure liquid chromatography, and 
confirmation by gas liquid chromatography. Limits of detection for the method was 
at 0.008-7.000 ppm. Gas liquid chromatography has also been used to monitor each 
step in the synthesis of methoprene for the determination of purity of products 
(Kortevelyessy et al., 1984). 
High pressure liquid chromatography has been used to determine the fate of 
methoprene and structure of metabolites from mosquitoes and house flies (Quistad et 
al., 1975). Extractable metabolites from treated insects were analyzed by thin layer 
chromatography, eluted from the plate and applied to the high pressure liquid 
chromatography column, where retention times were compared to authentic 
standards. Using this method the metabolic pathways of methoprene were 
determined for larvae of the house fly, Musca domestica, and the larvae of the 
mosquitoes, Aedes aegypti and Culexpipiens quinquefacsiatus (Quistad et al., 1975). 
More recently, a high pressure liquid chromatography method was developed 
to determine methoprene residues from tobacco. Hexane was used to extract 
methoprene-treated tobacco, with the extracts being subjected to solid phase 
extraction using an aminopropyl cassette attached in tandem to a silica cassette, 
followed by automated, on-line elution and reversed-phase high pressure liquid 
chromatography (Heckman and Conner, 1989). This method gave very good 
correlation for determining the amount of methoprene added against the amount of 
methoprene found (r^ = 0.999), with the lower limit of detection at about 0.25 
ppm/0.50 g tobacco. This method greatly increased the number of samples processed 
for one analyst, from 12-15 samples per week to 40 samples per day. 
A high pressure liquid chromatography method for detecting methoprene 
from water was also developed which had reliable detection of concentrations 
between 0.005 pg/mL and 0.5 pg/mL (0.005-0.5 ppm) (Allen and Dickenson, 1990). 
The detection limit for five mL samples was 25 ng/mL at 255 nm. 
2.1.2 Infrared Spectrophotometric Technique 
Infrared spectrophotometry has even been used to determine methoprene 
residues from poly (lactic acid) formulations (Giang and Jaffe, 1990). These 
formulation were prepared for injection or implantation in animals. Such 
formulations have been shown to have better, prolonged controlled release in the 
cattle system. Methoprene was extracted from the polymer by first dissolving the 
polymer with toluene and isopropanol. Solvent was removed to give a polymer film 
which was next extracted with methanol to remove methoprene. The methanol 
extract was subjected to chromatography on a sodium sulfate, alumina oxide, and 
silica gel column, and the column eluted with methanol. Methanol was removed to 
dryness, the residue was taken up in carbon tetrachloride, and scanned in the infrared 
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region from 1800 to 1000 cm*1 (5.56 to 10.00 pm), where peak at 1156 cm*1 
corresponds to a:p unsaturated acid. 
Because "it is well known that no two dissimilar chemicals can have the same 
infrared spectrum", Giang and Jaffe (1990) assume that unknowns can be identified 
by means of their infrared spectra alone. This method can be criticized by the fact 
that 1) any a:(3 unsaturated acid will absorb on or about 1156 cm*1 and no similar 
compounds were illustrated for comparison; 2) all methanol must be removed from 
the residue to avoid infrared absorption peaks from the solvent; and 3) the assay has 
very poor sensitivity, with the limit of detection at the mg/mL level versus pg/mL or 
ng/mL for chromatographic methods. 
2.2 Analytical Methods for the Determination of Insect Juvenile Hormone 
Since the discovery of a hormone which controls insect metamorphosis 
(Williams, 1956), insect juvenile hormone, methyl 10, 11 -epoxy-3,7,11-trimethyl- 
2£,6£-dodecadienoate (JH III) (Figure 1, Structure 7), has had biologists and 
chemists interested in its chemical nature, and its mode of action at the organismic, 
tissue, and molecular levels, for over thirty years. Early efforts to elucidate the 
chemical structure of juvenile hormone were extremely difficult due to the problem 
of separating the hormone from contaminating body lipids (Judy et al., 1973a). The 
structural determination of juvenile hormone has required several techniques: 
extraction from whole insect bodies or cultured glands, separation and identification 
by chromatography, and confirmation of biological activity by bioassay. 
Quantification of juvenile hormone titers at specific times throughout insects' life 
cycles has been a major effort for insect scientists. Attempts to accomplish these 
tasks has led to the development of unique methods to overcome the difficulties in 
separating, identifying, and quantifying the juvenile hormones from other materials. 
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2.2.1 Radiochemical Methods 
The chemical structure of two of the natural juvenile hormones, juvenile 
hormone I (5) and juvenile hormone II (6) (Figure 1) was first determined from insect 
homogenates (Meyer et al., 1968; Dahm and Roller, 1970). In both cases, whole adult 
male abdomens of Hyalophora silk moths were homogenized and extracted with an 
organic solvent, and subjected to purification by thin layer chromatography using 
varying solvent systems, and identification by gas chromatography-mass 
spectrometry. Dahm and Roller (1970) used as many as 213 abdomens to obtain 0.2- 
0.5 pg juvenile hormone I and 0.02-0.12 pg juvenile hormone II. 
Improvements in insect tissue culture, however, allowed for the in vitro 
production of juvenile hormone from corpora allata of Manduca sexta (Judy et al., 
1973b). Now, instead of extracting hemolymph or whole insect bodies and all 
associated lipids, tissue culture medium could be extracted, greatly simplifying 
purification and indentification of the active hormones. It was found that radiolabel 
could be introduced in juvenile hormone by incubating glands with L-[methyl- 
14Cjmethionine in the culture medium. Using gas chromatography-mass spectral 
studies, it was found that 90-100% of the radiolabel was incorporated as the methyl 
ester, indicating for the first time, that S-adenosyl-methionine may act as the donor 
for the terminal methyl ester in insects (Judy et al., 1973b). By combining tissue 
culture, thin layer chromatography, high pressure liquid chromatography, gas 
chromatography, mass spectometry, and bioassay, this study discovered juvenile 
hormone III (7) as a new, naturally occurring hormone in lepidoptera, and elucidated 
part of the biosynthetic pathway of juvenile hormone. The biogenic isoprene rule has 
been suggested as a general model for juvenile hormone biosynthesis (Tobe and 
Feyereisen, 1983), but such a generality may not exist across all insect orders. 
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A somewhat different in vitro radiochemical assay has been used to evaluate 
juvenile hormone biosynthesis (Tobe and Feyereisen, 1983; Tobe and Stay, 1985; 
Kikukawa and Tobe, 1986). The juvenile hormone profile throughout and after adult 
diapause was determined for the beetle Leptinotarsa decemlineata. Both juvenile 
hormone biosynthesis by the corpora allata and hemolymph titer were correlated by 
using the radiochemical assay to determine corpora allata activity and a 
radioimmunoassay to measure hemolymph titers (Lefevere et al., 1989). Parallel 
patterns have been detected between juvenile hormone titer and corpora allata activity 
during adult diapause. On the other hand, in the cockroach, Diploptera punctata, the 
corpora allata appear to exclusively synthesize juvenile hormone ID as evaluated by 
both radiochemical assay and gas chromatography-mass spectrometry (Tobe et al., 
1985). 
Using the radiochemical assay, it has been found that the corpora allata of 
other orders of insects may produce more than one homolog of juvenile hormone, or 
at various life stages, may synthesize polar juvenile hormone acids, or may produce 
materials which can not be identified. The corpora allata of larval Lepidoptera 
{Manduca sexta) have been shown to synthesize juvenile hormone I, II and III as 
evaluated by radiochemical and physical methods (Judy et al., 1973b; Dahm et al., 
1976) and radioimmunoassay (Granger et al., 1979). However there was a 
descrepancy between the level of juvenile hormone in synthesized in vitro by the 
corpora allata fifth instar larvae, and the level of circulating hormone in the 
hemolymph (Granger et al., 1982). In larvae of the gypsy moth, Lymantria dispar, 
corpus cardiacum-corpus allatum complexes were found to also biosynthesize both 
juvenile hormone U and juvenile hormone ID, with juvenile hormone III the 
predominant homolog (Jones and Yin, 1989). The corpora allata of Manduca sexta 
prepupae have been shown to switch in vitro synthesis from juvenile hormone to 
juvenile hormone acids as determined by radiochemical assay (Bhaskaran et al.. 
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1989). It was proposed that the juvenile hormone acids may be converted to juvenile 
hormone at other target tissues. 
The in vitro juvenile hormone profile seems to be very different for dipterans. 
Using both the radiochemical assay and high pressure liquid chromatography, the 
biosynthetic activity of the black blowfly, Phormia regina, was investigated. High 
pressure liquid chromatography of corpus cardiacum-corpus allatum complexes 
incubated in medium containing [^Hj-methionine showed that several compounds 
were synthesized in vitro, some of which had retention times which overlapped with 
juvenile hormone I and HI standards (Liu et al., 1988). The major radiolabeled 
products synthesized by blowfly gland complexes were neither juvenile hormone I 
nor juvenile hormone IE, but some other, more polar organic soluble metabolites. A 
further study using Phormia regina found the same pattern of juvenile hormone 
release by corpus cardiacum-corpus allatum complexes, where only 10% of the 
released radiolabeled material was found to be juvenile hormone El (Zou et al., 
1989). This is in sharp contrast to the finding of Fereyeisen and Tobe (1981), who 
reported that the only organic soluble product of Diploptera punctata was juvenile 
hormone III. 
The radiochemical assay was used to study the in vitro synthesis of ring 
glands by Drosophila melanogaster. The primary product of corpus allatam portion 
of the Drosophila ring gland was found to be methyl-6,7; 10,11-bisepoxyfamesoate 
(Richard et al., 1989a). It is presumed that methyl-6,7; 10,11-bisepoxyfamesoate is 
the juvenile hormone of higher Diptera (Richard et al., 1989b), with juvenile 
hormone III synthesized as a minor product of the ring gland. It has been suggested 
that the bisepoxide new Dipteran hormone. 
The radiochemical assay was also used to study the biosynthesis and release 
of juvenile hormone and juvenile hormone precursors from the corpora allata of 
cockroach embryos and larvae, moths, blowflies, and the mandibular organs of 
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crayfish (Cusson et al., 1991). The glands of all of these arthropods produced 
radiolabeled juvenile hormones or precursors which were tentatively identified by 
high pressure liquid chromatography. For the first time (and contrary to previous 
reports) it was found that the corpora allata of the cockroach produce other products 
than juvenile hormone III as suggested by Tobe et al. (1985). It is interesting to note 
that once other researchers found more than one radiolabeled product from corpora 
allata of other insects, using the same radiochemical assay, the dogma behind what 
these glands really produce has had to be modified. These studies indicate the need 
for prudence when interpreting results from radiochemical assays, with validation 
needed to positively identify juvenile hormone homologs and precursors. 
2.2.2. Chromatographic Techniques for Juvenile Hormone Determination 
The rate of juvenile hormone biosynthesis is best determined by the 
radiochemical assay. However, it is often desirable to measure circulating levels of 
juvenile hormone (titer) from insect hemolymph. Because juvenile hormone 
possesses a strong UV-absorption band at (hexane) 217 nm with a molar 
extinction coefficient of (e) of 16,600 (Sasagawa and Kuwahara, 1988), several 
chromatographic techniques for determining juvenile hormone have been reported. 
High pressure liquid chromatography has often accompanied other techniques 
as a way of purifying a sample prior to further chromatography, or it has been used as 
a means of confirming juvenile hormone identity after extracting incubation media in 
the radiochemical assay. Several methods have been reported for juvenile hormone 
measurement using high pressure liquid chromatography alone. 
Juvenile hormone acid is an inactive degradation product of the enzymatic 
hydrolysis of juvenile hormone. For synthetic purposes, juvenile hormone was 
converted to juvenile hormone acid by saponification using sodium hydroxide 
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(Goodman and Adams, 1984). The acid was separated from unreacted hormone by 
semipreparative high pressure liquid chromatography using a normal phase column, 
with a limit of detection of less than 8 ng/pL. Because of the reasonably good 
separation and excellent recovery of juvenile hormone homologs, it was suggested 
that the method be used for the analysis of juvenile hormone homologs from 
biological samples (Goodman and Adams, 1984). 
It was recendy found that 1.6 ng/pL of a juvenile hormone solution could be 
measured using high pressure liquid chromatography (Sasagawa and Kuwahara, 
1988). The juvenile hormone titer from concentrated hexane extracts of individual 
honey bees was measured and found to be 200 times higher than previously reported 
(Rembold and Lackner, 1985), although no explanation for this discrepancy was 
given. The limit of detection for this method was about 0.05 ng/pL. 
A reversed-phase liquid chromatographic method was developed to separate 
juvenile hormone and its metabolites, and the method applied to a catabolism study in 
fifth instar Manduca sexta larvae (Halamkar and Schooley, 1990). Animals were 
injected with 2.5 ng/g [3H]-juvenile hormone III (average weight 1.3-1.6 g) and 
whole bodies extracted with acetonitrile. The dose was 4-5 times above the usual 
maximum titer of juvenile hormone I or II. This method gave excellent separation of 
the juvenile hormone metabolites and found that the major catabolic metabolite was 
the acid-diol. These two methods mark the first time high pressure liquid 
chromatography has been used to measure juvenile hormone from individual insects. 
Although high pressure liquid chromatography is often used to determine 
juvenile hormone levels, its level of sensitivity was, until recently, a limitation. The 
greater level of sensitivity obtained with gas chromatography gave it an advantage 
over high pressure liquid chromatography, however any juvenile hormone present in 
the sample had to be derivatized to be picked up by the detector (electron capture). In 
contrast to earlier reports using gas chromatography-mass spectrometry to identify 
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juvenile hormone homologs from insect tissues, use of derivatization and purification 
steps and electron capture or selective ion detectors allowed for the quantification of 
picogram per gram levels of juvenile hormone. 
Bergot et al. (1976) pioneered the derivatization of juvenile hormones from 
biological samples, where the 10,11-epoxy moiety is subjected to acid catalyzed 
methanolysis to form juvenile hormone methoxy hydrins. These are purified by high 
pressure liquid chromatography, followed by reaction with pentafluorophenoxyacetyl 
chloride, to form fluorinated derivatives which could be analyzed using electron 
capture-gas chromatography. The method afforded greater sensitivity with less insect 
tissue. 
This method was further improved by analyzing the fluorinated methoxy 
hydrin derivatives with gas chromatography-mass spectrometry using a selected ion¬ 
monitoring detector (Bergot et al., 1981). The limit of detection for the method was 
5-20 pg/mL for juvenile hormone I and II, or 10-30 pg/mL for juvenile hormone III. 
It has led to the discovery of juvenile hormone 0 in Manduca sexta eggs (Bergot et 
al., 1980) and has been used to determine the nature and titer of juvenile hormone in 
Leptinotarsa decemlineata (de Kort et al., 1982), to determine the fluctuation of 
juvenile hormone titers throughout the last stadium of Manduca sexta (Baker et al., 
1987), and to measure juvenile hormone titers from the hemolymph of monarch 
butterflies (Lessman et al., 1989). 
Most recendy, juvenile hormones as their methoxy hydrin derivatives from 
homogenized Tricoplusia ni larvae, were analyzed by two different gas 
chromatography columns containing stationary phases of different selectivities (Jones 
et al., 1990). This method was chosen because its sensitivity and ability to measure 
homologs allowed for the elucidation of important relationships which may have 
been overlooked had other procedures been used. It was found that juvenile hormone 
II was the predominant hormone homolog in Tricoplusia ni (Jones et al., 1990). 
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According to Rembold and Lackner (1985), the sensitivity of the methoxy 
hydrin gas chromatographic-mass spectral technique was not low enough to detect 
juvenile hormone from insect tissues with a high fat content, and with a juvenile 
hormone titer of less than 1 ng/g fresh weight. They developed another technique 
which required the derivatization of juvenile hormone methoxy hydrin to form a 10- 
dimethyl(nonafluorohexyl)silyloxy-l 1-methoxy-juvenile hormone derivative. This 
technique was used to identify juvenile hormone in Coleoptera, Lepidoptera, 
Hymenoptera, Diptera, and Orthoptera. The limit of detection for juvenile hormone 
ID was about 2.65 pg/g of insect tissue. This method was not simplified over the 
previous gas chromatography-mass spectrometry methods. However it has been used 
recently to determine that as the volume of the terminal oocytes of the acridid 
Aiolopus thalassinus (Fabr.) increased, the juvenile hormone IE hemolymph titer also 
increased to a maximum, of 2.90 pmol per 10 pL hemolymph (volume of terminal 
oocyte was about 1.2 mm3) (Schmidt et al., 1990). In summary, gas 
chromatography-mass spectrometry offers both sensitivity and the ability to 
accurately measure the titer of each of the juvenile hormone homologs. 
2.3 Immunological Methods for Juvenile Hormone Detection 
As stated in Chapter 1, immunological techniques have begun to take their 
place among traditional analytical tools for pesticide and small molecule analysis. 
Although the radioimmunoassays for juvenile hormone have been reviewed several 
times (Granger and Goodman, 1983; Tobe and Feyereisen, 1983; Granger and 
Goodman, 1988), other juvenile hormone radioimmunoassays and a nonisotopic 
juvenile hormone immunoassay have since been reported and deserve discussion. 
None of the reported juvenile hormone radioimmunoassays can measure juvenile 
hormone from individual insects, requiring that samples from many insect be pooled. 
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2.3.1 Juvenile Hormone Radioimmunoassays 
The use of immunological techniques for juvenile hormone determination 
» 
began in 1974, with the first report of the synthesis of a juvenile hormone-protein 
carrier conjugate which was used to produce antibodies against juvenile hormone in 
rabbits (Lauer et al., 1974). Those antibodies were used to develop a 
radioimmunoassay, where a radiolabeled juvenile hormone ligand competed with 
natural juvenile hormone for antibody binding sites (antibody inhibition). Labeled 
juvenile hormone-antibody complexes were then precipitated by ammonium sulfate, 
and the amount of standard or sample juvenile hormone was quantified by liquid 
scintillation determination of immunocomplexes. 
Juvenile hormone radioimmunoassays have taken two forms depending on 
where a functional group for protein carrier conjugation was introduced. One type of 
assay developed antibodies against an immunogen made up of juvenile hormone acid 
(8) conjugated directly to the carrier protein (12) (Figure 2) (Lauer et al., 1974; Baehr 
etal., 1976; 1979; 1981; Granger et al., 1979; Goodman et al., 1990). Several 
batches of antisera have been raised against the juvenile hormone acid-human serum 
albumin conjugate (12) with varying degrees of cross reactivities with juvenile 
hormone homologs and metabolites (see Granger and Goodman, 1988 for review). 
The radioimmunoassays developed from such antisera have been used with 
some success for juvenile hormone titer quantification. However the assays had to be 
carried out with great care, paying close attention to protocols, so as not to introduce 
sources of nonspecific antibody inhibition (Granger and Goodman, 1988). It was 
also observed that the sensitivity of the assay varied depending on the type of 
radiolabeled ligand used for displacement, where one synthetic radiolabeled ligand 
may have had a greater affinity for the antisera over another synthetic ligand. The 
assays often could not differentiate between the juvenile hormone homologs and 
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juvenile hormone acids, thus measuring total juvenile hormone and juvenile hormone 
metabolite concentration. 
Similar chemistry was used recently to synthesize a juvenile hormone in acid- 
thyroglobulin immunogen, to generate further rabbit antisera (Goodman et al., 1990). 
The antiserum used in the radioimmunoassay displayed a general cross reactivity to 
the three major juvenile hormone homologs, with an affinity for the epoxide moiety. 
The antiserum did not recognize juvenile hormone acid, a result different from 
previously reports using comparable conjugation chemistry. The particular 
radioimmunoassay could not be used to directly assay organic extracts of insect 
hemolymph or whole bodies. Biological samples had to be scrupulously purified by 
thin layer chromatography or high pressure liquid chromatography. The limit of 
detection for this particular radioimmunoassay was reported as 65 pg, however no 
unit of measure was given. It is, therefore, assumed that the limit of detection was 65 
pg per test. 
The choice of synthetic radiolabeled juvenile hormone ligand also greatly 
affected the assay specificity for homologs, where simply changing the tracer 
introduced significant differences in the antibody inhibition between the homologs. It 
was claimed that this juvenile hormone radioimmunoassay is simpler to carry out 
than gas chromatography-mass spectrometry. However this method still contains the 
disadvantages of previous radioimmunosassays (nonspecificity for juvenile hormone 
homologs, lack of availability of immunochemicals), and it is still not an easily 
accessible method for juvenile hormone quantification. Radioimmunoassay methods 
utilizing "specific antibodies" to quantify a mixture of juvenile hormones, unresolved 
by high pressure liquid chromatography, should be treated with caution (Baker, 
1990). Moreover the use of radiochemicals has encountered increasing resistance 
from the public, causing opposition to research using such materials, even though 
there is little risk of contamination to the environment from accidents or spills. 
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This assay, however, was used to determine the hemolymph juvenile hormone 
titers of unparasitized and Copldosoma floridanum parasitized Tricoplusia ni (Strand 
et al., 1991). Pooled hemolymph samples (40-200 pL) were extracted, and the extract 
subjected to thin layer chromatography, using a solvent system which could not 
distinguish between individual homologs. The hormone-containing regions were 
isolated and extracted with solvent and the extracts analyzed by radioimmunoassay. 
Titers were expressed as juvenile hormone III equivalents (pg/pl), even though the 
antibody employed cross reacted equally with other homologs. No mention was 
given as to the type of radiolabeled tracer used, despite the fact that the assay 
sensitivity is dependent on this choice (Goodman et al., 1990), nor does this method 
seem to be an improvement over previous radioimmunoassays. 
Another method for generating anti-juvenile hormone antisera introduced a 
functional group at the epoxide end of the molecule. The epoxide ring was opened by 
acid catalysis to form juvenile hormone diol (9), and a succinyl group introduced. 
The succinylated diol was conjugated to human serum albumin to form the 
immunogen (13) (Figure 2) (Strambi et al., 1981a; 1981b; 1984; de Kortetal., 1985). 
Antisera raised against the juvenile hormone diol conjugate (13) recognized the 
juvenile hormone diol homologs equivalently, and the resulting assay had a high 
affinity for the iodinated tracer used as the competing radiolabeled ligand. To use 
this radioimmunoassay, all juvenile hormone in the sample or standard must be 
derivatized to the diol, and again scrupulous care must be taken when following 
protocols. Once the diols have been separated from other lipids by chromatography, 
they are quantified by equilibrium dialysis using the radiolabeled iodinated tracer. 
The limit of detection for this radioimmunoassay is 70-200 pg/mL hemolymph. The 
juvenile hormone diol radioimmunoassay has had more success in terms of more 
biological samples being determined by the Strambi group, with verification by 
physical methods, but access to this technique is still limited to a few groups. 
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Recently juvenile hormone biosynthesis and hemolymph titer were correlated 
using both the in vitro radiochemical assay and the diol radioimmunoassay in adult 
female Colorado potato beetles (Lefevere et al., 1989). Juvenile hormone 
biosynthesis was determined from corpora allata of diapausing beetles by the 
radiochemical assay (Pratt and Tobe, 1974). Hemolymph from the same beetles was 
collected and the diol radioimmunoassay was performed according to De Kort et al. 
(1985), where pooled hemolymph samples were extracted, extracts subjected to acid 
hydrolysis and purification before analysis by radioimmunoassay. It was shown that 
the juvenile hormone hemolymph titer increased significantly within 24 hours of 
diapause break, and that this was correlated with an increase in corpus allatum 
activity for juvenile hormone biosynthesis. 
The juvenile hormone titer profile during critical periods of wing morph 
determination in the cricket Gryllus rubens was determined by both high pressure 
liquid chromatography and the diol radioimmunoassay (Zera et al., 1989). In this 
case, pooled hemolymph extracts were subjected to high pressure liquid 
chromatography to separate and identify the juvenile hormones. Fractions were 
collected and analyzed by radioimmunoassay to estimate hemolymph titers. Juvenile 
hormone III was found to be the principle juvenile hormone in Gryllus rubens. 
In another orthopteran, Aceta domesticus, the diol radioimmunoassay was 
used to determine the amount of juvenile hormone biosynthesized from the corpora 
allata of individual crickets, and from pooled hemolymph of the females used to 
study juvenile hormone biosynthesis (2-4 animals) (Renucci, et al., 1990). The study 
was conducted to examine the effects of experimental conditions on ovarian 
physiology. It was found that juvenile hormone biosynthesis by the corpora allata 
and juvenile hormone titer in the hemolymph were positively correlated in normal or 
sham operated females, and negatively correlated in ovariectomized females. 
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The diol radioimmunoassay has also been used extensively to study juvenile 
hormone titer profiles from honeybees in relation to behavior (Robinson et al, 1987; 
Robinson et al., 1989), and caste determination and metamorphosis (Rachinsky, et al., 
1990). Clearly the diol radioimmunoassay has been used more often in the recent 
literature. However to conduct either the juvenile hormone diol radioimmunoassay or 
the juvenile hormone "acid" radioimmunoassay, one must establish a close 
collaboration with those labs who hold the juvenile hormone antisera, as no such 
antisera is released to individual researchers. 
2.3.2 Enzvme Immunoassay for Juvenile Hormone 
Despite the advantages of using an enzymatic label vs. an isotopic label in 
immunoassays, only one competitive inhibition enzyme immunoassay has been 
developed for juvenile hormone to date (Baehr et al., 1987). Immunogens, using 
human serum albumin as the carrier protein, were prepared for both juvenile hormone 
III and juvenile hormone ID diol from the corresponding A-hydroxysuccinimide 
activated esters of juvenile hormone III acid and juvenile hormone ID acid diol. The 
juvenile hormone HI acid conjugate was identical in structure to previous 
immunogens prepared in the same way (Baehr et al., 1976; Baehr et al., 1979; Baehr 
et al., 1981). The juvenile hormone III diol immunogen differed from that prepared 
by Strambi et al. (1981a) in that it did not contain a succinyl spacer group at carbon 
10 (See Figure 2, structure 13). Instead the diol moiety was left in tact and the 
hormone was conjugated to the carrier protein through the activated ester formed 
from the acid at carbon 1. The enzyme, acetylcholinesterase, was used as a tracer to 
label juvenile hormone HI and juvenile hormone EQ diol. 
A second antibody solid phase enzyme immunoassay was developed where 
pig anti-rabbit immunoglobulin was immobilized on a 96-well microtiter plate 
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(Figure 5), and served as a capture device for the primary antibody (Baehr et al, 
1987). The rabbit anti-juvenile hormone antibody was added, unbound antisera was 
washed away, and enzyme labeled and unlabeled juvenile hormone were added. 
After washing, the enzyme substrate was added and the absorbance determined by a 
microtiter plate reader. Standard curves were formed where the antibodies prepared 
from both immunogens could be diluted 10^ times to give the greatest sensitivity. 
The sensitivity, defined as the concentration of juvenile hormone HI or juvenile 
hormone III diol inducing a 50% inhibition of tracer bound in the absence of 
unlabeled competitor, was 0.9 ng/mL for the juvenile hormone IE enzyme 
immunoassay, and 1.9 ng/mL for the juvenile hormone III diol enzyme immunoassay. 
The limit of detection, defined as twice the standard deviation, was 0.2 ng/mL in both 
cases, which was similar to the diol radioimmunoassay (Baehr et al., 1987). 
The sensitivity of the juvenile hormone IE enzyme immunoassay was similar 
to that of the juvenile hormone III radioimmunoassay, with the enzyme immunoassay 
showing 30% cross reactivity with juvenile hormone IE acid, and the 
radioimmunoassay showing 77% cross reactivity (Granger et al., 1979; Granger and 
Goodman 1988). The juvenile hormone IE diol enzyme immunoassay cross reacted 
to a much lesser extent with the other juvenile hormone homologous diols compared 
to the juvenile hormone diol radioimmunoassay (Strambi et al., 1981). Since the 
handling of biological samples should be easier with the juvenile hormone enzyme 
immunoassay, one would predict that this assay format would have revolutionized the 
way juvenile hormone is quantified. This has not been borne out in the recent 
literature. No subsequent reports using the juvenile hormone IE enzyme 
immunoassay have appeared, nor has an effort been made to distribute juvenile 
hormone antisera for independent confirmation, further frustrating insect biologists. 
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Granger and Goodman (1988) state that many of the past problems with 
juvenile hormone radioimmunoassays have been overcome and that these assays will 
take their place with other raioimmunoassays as indispensable analytical tools. The 
weaknesses of juvenile hormone radioimmunoassays, however, have prevented then- 
widespread use. Juvenile hormone antisera have all been shown to be not specific 
enough, and physical-chemical methods are needed to confirm the identity of 
individual juvenile hormone homologs. Despite the fact that the juvenile hormone 
enzyme immunoassay may be used without previous exhaustive purification of 
biological samples, high pressure liquid chromatography was still strongly 
recommended prior to use of the assay (Baehr et al., 1987). 
This is in sharp contrast to the radioimmunoassay developed for the 
ecdysteroids. Anti-ecdysteroid antisera have been made readily available for years, 
to those who wish to measure ecdysteroid titers. A quick survey of the literature 
indicates that most reports studying ecdysteroid titers use the edysteroid 
radioimmunoassay. Clearly the method is simple and routine enough to give any 
competant researcher valid, reproducible results. 
An enzyme immunoassay was developed for ecdysteroids which uses 
acetylcholinesterase as the enzymatic tracer (Porcheron et al., 1989). Like the 
juvenile hormone enzyme immunoassay, this assay immobilizes anti-ecdysteroid 
antibodies to the solid support through a secondary "capture" antibody (See Figure 5). 
The enzyme immunoassay was four times more sensitive than the radioimmunoassay, 
with a similarity in specificity for 20-hydroxyecdysone and ecdysone. The 
ecdysteroid enzyme immunoassay has since been used to measure hemolymph 
ecdysteroid titers in the wax moth Galleria mellonella (Cymborowski et al., 1991), 
and to determine the nature of ecdysteroids in the leaf cutting ant, Acromyrmex 
octospinosus (Maurer et al., 1991). This assay has not been extensively used. 
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2.4 Compatibility of Enzvme Immunochemical Assays with Traditional Methods 
for Residue Detection 
Because samples containing methoprene or juvenile hormone must be 
extracted and exhaustively cleaned up by chromatography and /or derivatized prior to 
use of an analytical technique, the number of samples able to be analyzed for either 
material has been limited. Despite improvement in the high pressure liquid 
chromatographic determination for methoprene enabling the analysis of up to 40 
tobacco samples/worker/day (Heckman and Conner, 1989), the turn around time, 
from time of application to analysis, is too long to adjust methoprene application rates 
to get maximum control of insect pests. 
The difficulty of performing any juvenile hormone quantitative analytical 
technique drastically limits the number of laboratories capable of providing data on 
basic insect biology. Such data is need to understand the underlying biochemical - 
processes responsible for insect growth, metamorphosis, and reproduction. Any 
technique which could greatly facilitate the analysis of methoprene of juvenile 
hormone, and allow any interested party access to the technique would be a welcome 
improvement for the research community. 
Enzyme immunochemical assays may allow for the analysis of methoprene or 
juvenile hormone in such a way as to allow the determination of many samples, 
inexpensively, easily, and rapidly. These assays may be used in conjugation with 
other procedures to form systems where samples can be processed in parallel with gas 
chromatography or high pressure liquid chromatography. The specificity of the 
individual immunoassay should be such that the chromatographic method would be 
used mainly for confirmation purposes. The immunoassay would be used to screen 
environmental or food samples, as in the case for methoprene, or biological samples 
to determine concentration, as in the case for juvenile hormone. In these respects. 
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immunoassays would be completely compatible with other analytical techniques 
while reducing the time and effort needed for sample preparation and analysis. 
2.5 Acceptance of Immunoassays for Regulatory Purposes 
The United States Environmental Protection Agency has designated a facility 
in Nevada (Environmental Monitoring Systems Laboratory, Las Vegas) as the 
laboratory responsible for evaluating the application of immunochemical methods to 
environmental monitoring (Van Emmon, 1990). Evaluation studies are an important 
step in the acceptance and implementation of environmental immunoassays. These 
studies are absolutely essential to provide the appropriate quality assurances and 
quality control measures. However, the studies will only be conducted by the 
Environmental Monitoring Systems Laboratory on those methods for which there is a 
perceived Environmental Protection Agency application, such as the monitoring of 
site containment or clean up activities. 
The guidelines established by the Environmental Protection Agency to 
evaluate immunoassays for bias, precision, specificity and limits of detection, should 
be followed to aid in the implementation of immunoassays into various monitoring 
programs (See Van Emmon, 1990, Figure 1). It is the intent of the United States 
government to provide a clear definition of evaluation protocols for immunoassays. 
The Food and Drug Administration in conjunction with the Environmental Protection 
Agency has been actively working to evaluate available commercial immunoassay 
kits, to develop immunoassay methods, and to incorporate them into the pesticide 
residue monitoring program for the United States' food supply (Clower, 1990). 
Because of methoprene's lack of environmental persistence and low 
mammalian and non-target toxicity, it is unlikely that the federal government will 
need to monitor sites for methoprene contamination. However, the methoprene 
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immunoassay kit is undergoing rigorous testing through the efforts of kit developer, 
Immunosystems (Scarborough, ME), and tobacco and grain producers. Through 
collaborative work, it is hoped that the methods described here and the subsequent kit 
developed for methoprene residue detection, will take their place among useful 
immunochemical methods in this new and exciting technology. 
CHAPTER 3 
THE METHOPRENE IMMUNOASSAY 
Factors Contributing to the Methoprene Immunoassay 
Outlined below are factors which have contributed to the development of 
successful immunological assays for the detection of methoprene. 
3T.1 Synthesis of the Methoprene Immunogen 
Central to the design of the methoprene immunogen was the synthesis of 2- 
(trimethylsilyl)ethyl 4-(benzyloxy)butanoate (15) (Figure 6). To make this material 
the butanoyloxy spacer group had to be protected on either side with easily cleavable 
protective groups. The 2-(trimethylsilyl)ethyl residue was chosen to protect the 
carboxylic acid function because it could be selectively removed under mild 
conditions as the last step in the preparation of methoprene-spacer acid (16). Esters 
of 2-(trimethylsilyl)ethanol and the carboxylic acid residues of peptides have been 
shown to be stable under workup conditions and during hydrogenation (Sieber et al„ 
1977). The experimental details for the synthesis of 15 are given elsewhere (Mei 
1988; Mei et al„ 1991), however a brief description of its synthesis is discussed 
below. 
The reaction between 4-butyrolactone (14) and the sodium salt of benzyl 
alcohol gave 4-(benzyloxy)butanoic acid (Sudo et ah, 1967) (Figure 6). Esterification 
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Figure 6. Synthesis of the protected four-carbon spacer group (15) and methoprene- 
spacer acid (16). 
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i: PhCH2ONa, 220 °C 
ii: HO(CH2)2SiMe3 DCC, CH2C12 
iii: H2, Pd/C, EtOH ' 
iv: 2, DCC, CH2C12 
v: Et4NF, MeCN 
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with 2-(trimethylsilyl)ethanol, followed by catalytic hydrogenation to remove the 
benzyl protective group (Van Duzee and Adkins, 1935), gave 2-(trimethylsilyl)ethyl 
4-hydroxybutanoate (11). This alcohol was esterified with ll-methoxy-3,7,11- 
trimethyl-2£,4£-dodecadienoic acid (2), which was prepared by base hydrolysis of 
methoprene (1) (Figure 1). The resulting 2-(trimethylsilyl)ethyl ester was deblocked 
with tetraethylammonium fluoride as the source of fluoride ion, under mildly basic 
conditions (Carpino et al., 1978), to afford 4-(ll-methoxy-3,7,ll-trimethyl-2£,4£- 
dodecadienoyloxy)butanoic acid (16). This selective removal of the protective 
groups allowed for the sequential coupling to methoprene acid (2) and to the carrier 
protein to afford the immunogen (10) (Figure 2). 
3-1-2 Coupling Methods for the Methoprene Immunogen 
Haptens are often conjugated to their respective carriers by the use of 
carbodiimide coupling reagents, mixed anhydrides, diazotization, activated esters, or 
other such functionalized groups (Herman, 1988). The methoprene immunogen (10) 
(Figure 2) was originally prepared from two different activated esters (Mei, 1988). 
These esters were prepared from methoprene-spacer acid (16), the experimental 
details for which are reported in Mei (1988) and Mei et al. (1991). 
A AMiydroxysuccinimide ester (17) was easily formed by condensation of 
methoprene-spacer acid (16) with AMiydroxysuccinimide (Figure 7). This activated 
ester was conjugated to human serum albumin under organic/aqueous reaction 
conditions, which were unfavorable for the solubilization of the protein. Despite the 
heterogeneous nature of the reaction, approximately 50 methoprene residues were 
bound per protein molecule after 48 hours as determined by the direct scintillation 
counting (radioassay) of radiolabeled conjugates. 
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A water soluble activated ester was also prepared. Methoprene-spacer acid 
(16) was esterified with sodium l-hydroxy-2-nitro-4-benzenesulfonate (HNSA) to 
sodium 4-hydroxybenzene sulfonate (King, 1921). This ester was freely soluble in 
the aqueous solutions used to form the protein conjugate (10). 
The HNS A ester coupling reaction also has the advantage of using 
spectroscopy to monitor the progress of the reaction (Aldwin and Nitecki, 1987; Mei 
et al., 1991). Both the protein and the activated ester were soluble in phosphate 
buffered saline at neutral pH. Reaction between the hapten and the carrier protein 
was followed by removing aliquots of reaction mixtures and measuring the increase 
in the l-hydroxy-2-nitro-4-benzenesulfonate dianion concentration over time. 
Generation of free dianion was directly proportional to the amount of acylation of the 
carrier protein. This reaction took time to complete (i.e. 15 min), and allowed for the 
incorporation of approximately 30 methoprene residues per protein molecule . 
3.1.3 Hapten Density of the Methoprene Immunogen 
Although there is no concensus on the optimum number of hapten molecules 
per carrier needed to raise specific antisera, it has been suggested that a ratio of one 
hapten per three attachment sites will yield high affinity antisera (Granger and 
Goodman, 1988). A number of carrier proteins have been used for conjugation to 
haptens. These include bovine and human serum albumins, thyroglobulin, chicken 
gamma globulin, keyhole limpet hemocyanin, and ovalbumin. Covalent attachment 
of hapten to carrier usually occurs through free amine residues on the carrier. The 
serum albumins contain approximately 60 free amines (Meloun et al., 1975; Dayhoff, 
1978) while thyroglobulin has about 850 (Marriq et al., 1977). Reaction conditions 
have been reported in which the pH of the reaction solution was adjusted to 8.5-9.5 
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(or higher) to favor nucleophilic attack by unprotonated amine residues. According 
to Goodman (1990) higher pHs do not seem to increase hapten density. 
The hapten density of the methoprene immunogen varied depending on the 
type of activated ester used to form the conjugate. The A-hydroxysuccinimide 
activated ester reactions afforded immunogens with a hapten density of 
approximately 50 molecule of methoprene per molecule protein if the reaction was 
carried out for 48 hours. The l-hydroxy-2-nitro-4-benzenesulfonate activated ester 
gave, on average, 30 molecule of methoprene per molecule protein. The juvenile 
hormone JV-hydroxysuccinimide activated ester reported here gave about 40 molecule 
juvenile hormone per molecule carrier protein if the allowed reaction time was 48 h 
(See Chapter 5). Hapten densities of the methoprene immunogens were determined 
by direct radioassay of conjugates, by visible spectroscopy, or both (Mei, 1988; Mei 
et al., 1991). The hapten density of the juvenile hormone immunogen was 
determined by use of the reagent 2,4,6-trinitrobenzenesulfonic acid (See Chapter 5). 
Other juvenile hormone immunogens have been prepared, also with varying 
hapten densities (Table 1). Hapten densities for pesticide immunogens have ranged 
from 6.5 molecule per molecule bovine serum albumin (Goodrow et al., 1990) to 333 
molecule per molecule thyroglobulin (Gee et al., 1988). The majority of hapten 
conjugation reactions were carried out using a water-miscible co-solvent such as 
tetrahydrofuran or dimethylformamide and high pH (>9.0). The exception was the 
water soluble activated ester method for the methoprene immunogen which was 
carried out in a buffer of neutral pH (Mei et al., 1991). 
3.1.4 Immunization Schedule 
The methoprene immunogen containing approximately 53 molecule 
methoprene per molecule protein was used to used to immunize both mice (Mei, 
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Table 1. Comparison of hapten densities for the juvenile hormones, methoprene, and 
two herbicides. 
Hapten Carrier Protein 
No. Hapten/ 
Carrier Reference 
am IE acid *HSA 20 Lauer et al., 1974 
JHI, n, m acid HSA 26 Baehretal., 1976; 1979 
JHIdiol HSA 17 Strambi et al., 1981 
JH III diol HSA 19.8 Baehretal., 1987 
JH in acid CBTG 100-115 Goodman et al., 1990 
JH-spacer acid HSA 40 Mei, 1991, this report 
Methoprene-spacer 
acid, 4ms ester 
HSA 50 Mei et al., 1991 
Methoprene-spacer 
acid, eHNSA ester 
HSA 31 Mei et al., 1991 
Molinate BTG 333 Gee et al., 1988 
5-Triazine 
-feSA 6.5 Goodrow et al., 1990 
“Juvenile Hormone. ^Human serum albumin. c Bovine Thyroglobulin. dN- 
Hydroxysuccinimide. ^l-Hydroxy-2-nitro-4-benzenesulfonate. bovine serum 
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1988) and rabbits. Female, New Zealand white rabbits were each immunized first 
with an intravenous injection of the methoprene immunogen (200 pg per animal) in 
0.25 mL PBS. One month later the animals were boosted subcutaneously with 200 
pg of the immunogen and 0.25 mL Freund's complete adjuvant. A second booster 
shot of the immunogen (200 pg per animal) in Freund's incomplete adjuvant was 
given intramuscularly to each animal two weeks after the first booster shot. Whole 
blood was collected into tubes with a clot activator (Venoject, Terumo Medical, 
Elkton, MD) one week after the second booster, with further serum collected 
biweekly until the antibody titer decreased. All blood collected was allowed to 
coagulate (room temperature, 30 min), centrifuged to remove red blood cells, 
incubated in a water bath (60 °C, 20 min), and thimerosal (0.01%) was added. The 
serum was stored under refrigeration, frozen for storage (-70 °C), or used without 
further treatment. 
3.2 Characterization of Rabbit Anti-Methoprene Antisera 
The methoprene antisera collected from rabbits was characterized using 
affinity chromatography, immunodiffusion, and enzyme immunoassay. Affinity 
chromatography and enzyme immunoassay take advantage of the specificity and 
reversibility of the binding of a soluble molecule to an insoluble ligand. In 
immunodiffusion, antibodies and antigens diffuse toward each other in an agarose gel 
matrix. An immunoprecipitate forms at the point where all antibody and antigen is 
complexed in the precipitate (equivalence, Hudson and Hay, 1980). 
The binding of an antibody molecule to an antigen depends on a number of 
physical interactions (i.e. coulombic, dipole, hydrogen bonding, van der Waals, and 
hydrophobic bonding). All of these forces depend on the charge of the molecules 
taking part in the reaction, where the net charge of the molecules depends on the pH 
of the medium. By manipulating the surrounding reaction conditions, such as pH or 
increasing concentration of antigen, one can alter the nature of the antibody-antigen 
interaction, and gain valuable information about antibody affinity and avidity. 
3.2.1 Affinity Chromatography 
The methoprene antibody was purified by affinity chromatography, where 
methoprene was covalently bound to a solid support, in the form of a microtiter plate, 
using the water soluble active ester derivative (18). Soluble antibodies from whole 
rabbit serum were allowed to bind to the methoprene affinity column. Unbound 
serum proteins were washed from the column with phosphate-buffered saline, 
followed by the selective removal of bound proteins by the addition of low pH 
buffers. By lowering the pH, the antibody-antigen interaction was disrupted, thus 
releasing high affinity antibodies (Figure 8). 
The solid support, AH Sepharose 4B, was purchased from Pharmacia 
(Uppsala, Sweden). This support contains lysine residues with free amine groups 
avadable for reaction. Other chemicals, sodium phosphate-dibasic, potassium 
phosphate-monobasic, sodium chloride, potassium chloride, glycine, dioxane, and 
hydrochloric acid were obtained from Fisher (Fair Lawn, New Jersey). 
AH Sepharose 4B powder (0.2 g) was allowed to swell in 0.5 M NaCl, 
followed by washing with more 0.5 M NaCl and distilled water (neutral pH). The 
beads were washed into a 25 mL erlenmyer flask, allowed to settle, and the 
supernatant removed. Sodium l-(4-(l l-methoxy-3,7,1 l-trimethyl-2£,4£:- 
dodecadienoyloxy)butanoyloxy)-2-nitro-4-benzenesulfonate (18) (0.77 g, 1.33 pM) in 
phosphate-buffered saline (0.1 M, pH 7.0, 10 mL) was added to the beads. The 
mixture was gently stirred by magnet at 4 °C for 18 hours. The beads were collected 
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on a sintered glass funnel and washed with phosphate-buffered saline to remove 
unreacted methoprene and by-products (hydroxy-2-nitro-4-benzenesulfonic acid). 
The methoprene affinity beads prepared above were washed into a 25 mL 
Erlenmyer flask. The supernatant was removed and 5 mL fresh phosphate-buffered 
saline was added. Whole antiserum from rabbit #1 (10 mL) containing 40 mg/mL 
protein, as determined by the Bradford protein assay using bovine serum albumin as a 
standard (Bradford, 1976), was added to the beads. The mixture was stirred by 
magnet at 4 °C for 48 h. A 5 mL plastic syringe barrel was packed with the 
antiserum-bead mixture and connected to a spectrophotometer via a flow cell. The 
column was washed with phosphate-buffered saline to remove unbound protein 
(baseline UV absorbance at 280 nm). Bound methoprene-specific immunoglobulin 
was eluted from the column by adding glycine-HCl buffer (0.2 M, pH 2.5, where 0.2 
M glycine solution was prepared and titrated to pH 2.5 with 0.2 M hydrochloric acid). 
The effluent was collected when protein was first detected and until the absorbance 
was <0.1. To prevent denaturation of the protein, the effluent was titrated to pH 8.5 
using solid Tris (hydroxymethyl)aminomethane (Sigma) immediately after collection. 
A second fraction of antibody was collected by adding glycine-HCl buffer containing 
10% dioxane to the column until the absorbance was <0.1 (Figure 8). The pH of this 
fraction was also adjusted to pH 8.5 with solid Tris. The two fractions were dialyzed 
separately against 5 x 1 L PBS. The precipitates were spun down (5000 x g, 10 min) 
and resuspended in 4.5 ml phosphate-buffered saline. The protein content of the 
pooled precipitates was 1.53 mg/mL, representing 17.7% of the protein in the whole 
polyclonal antiserum. 
Although the methoprene affinity column selectively retained two bands of 
specific protein from the methoprene antiserum, the ability of those proteins to bind 
methoprene was altered. The purified antiserum was tested in the methoprene 
competitive enzyme linked immunosorbent assay, however, the results were 
L 
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disappointing compared to unpurified serum, in that no reaction was seen due to 
binding of the antiserum to immobilized methoprene. This may have been due to 
denaturation of proteins by the low pH buffers needed to remove bound protein from 
the affinity column. 
3.2.2 Two-Dimensional Double Immunodiffusion (Ouchterlonv Technique) 
The ability of antibodies to precipitate antigens may be exploited to 
qualitatively investigate the specificity of antisera for particular antigens. In the 
procedure of double diffusion in two dimensions, antibody and antigen are allowed to 
migrate towards each other in a gel and a line of precipitation is formed where the 
two reactants meet (Hudson and Hay, 1980). As the precipitate is soluble in excess 
antigen concentration, a sharp line is produced at equivalence, its relative position 
being determined by the concentration of the antibody and antigen in the agar. 
This technique was used to investigate the specificity of anti-methoprene 
antisera for the methoprene immunogen, the carrier protein, human serum albumin, 
and bovine serum albumin. Whole antisera from three rabbits immunized with the 
methoprene immunogen was studied. Chemicals used for the investigation were as 
follows: human serum albumin, fraction V, (Sigma); tricine (N- 
[tris(hydroxymethyl)methyl]glycine (Aldrich, Milwaukee, WI); sodium azide and 
sodium chloride from Fisher; calcium lactate (EM Science, Cherry Hill, NJ); agarose 
(Bethesda Research Laboratories, Bethesda, MD); boric acid (Baker, Phillipsburg, 
NJ); and coomassie blue G-250 (Eastman Kodack, Rochester, NY). 
A solution of 2% agarose in Tris-tricine buffer (5 mL, 0.16 M Tris, 0.05 M 
tricine, 0.6 mM calcium lactate, 6 mM sodium azide, pH 8.6, diluted 1:3 with 
distilled water) was brought to boiling and dispensed into test tubes (5 mL/tube), and 
stored at 4 °C in a humid atmosphere until use. Tubes were brought to boiling in a 
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boiling water bath and transferred to a 60 °C water bath. The hot agarose solution (5 
mL) was poured into 5.5 cm plastic petri dishes (Falcon, Oxnard, CA) and allowed to 
cool and harden (about 10 min). Holes from a template were punched into the agar 
and the plugs were removed with a Pasteur pipette attached to a vacuum line (Figure 
9). Wells were filled with approximately 20 pL of the following solution: center 
wells: whole, undiluted rabbit antisera raised against the methoprene antigen; wells 1 
and 4: human serum albumin (1 mg/mL); wells 2 and 6: methoprene antigen (53 mol 
methoprene/mol protein, 3 pg/mL); and wells 3 and 5: bovine serum albumin (1 
mg/mL). The proteins were allowed to diffuse through the gel in a humid chamber 
for 72 h at 4 °C. The gels were washed with several changes of a sodium 
chloride/boric acid solution (0.07 M NaCl, 0.06 M boric acid). They were stained for 
24 h with a protein stain solution (methanol:water:acetic acid, 5:5:1, 0.1% coomassie 
blue) and destained using several changes of destaining solution (methanol:water 
:acetic acid, 5:5:1) (Figure 9). 
The results of the experiments indicated that the antiserum from rabbit #1 
only recognized the methoprene antigen. Antisera from rabbits #3 and #4 both 
recognized the methoprene antigen and human serum albumin, where the meeting of 
precipitation lines was interpreted as the two antigens sharing common determinants. 
None of the antisera recognized bovine serum albumin, as no immunoprecipitin lines 
were seen. 
3.3 Types of Immunoassays Developed 
Two enzyme assays were developed for methoprene, the indirect enzyme 
linked immunosorbent assay (iELISA), where an antibody is labeled with the enzyme 
marker (Figure 3), and the competitive inhibition enzyme immunoassay (CIEIA), 
where the analyte is labeled with the enzyme marker (Figure 4). Both formats were 
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Figure 9. Two-dimensional double diffusion well pattern for the qualitative 
comparison of anti-methoprene antisera for various antigens. Center wells, 20 
pL/well whole antiserum: I, rabbit #1; HI, rabbit #3; IV, rabbit #4. Wells 1 and 4: 20 
pL human serum albumin (HSA, 1 mg/mL). Wells 2 and 6: 20 pL/well methoprene- 
HSA antigen (53 mol methoprene/mol protein, 3 pg/mL); wells 3 and 5: 20 pL/well 
bovine serum albumin (1 mg/mL). Experiment 1: Distinct lines of precipitation were 
seen between antiserum from rabbit #1 and the methoprene antigen. Experiments 2 
and 3: Antisera from both rabbits #3 and #4 showed precipitation lines for the 
methoprene antigen and human serum albumin. None of the antisera recognized 
bovine serum albumin. 
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able to detect methoprene in the ppm-ppb range, however, the competitive inhibition 
enzyme immunoassay proved to be more useful for commercial applications. 
3.3.1 Optimization of Assay Conditions for the Indirect Enzyme Linked 
Immunosorbent Assay (ELISA) 
To select the best serum and coating conjugate, checkerboard assays (Herman, 
1988) in the format of an indirect enzyme linked immunosorbent assay were 
conducted with conjugates from different coupling reactions, and antisera from 
different collections and different animals. Coating conjugates were solubilized in 
carbonate coating buffer. The general procedure followed for the indirect enzyme 
linked immunosorbent assay is described below. Materials and equipment were 
obtained as follows: S-methoprene (>90%), 5-(14C)-methoprene, hydroprene, and 
kinoprene, were gifts from the Sandoz Crop Protection Corp. (Palo Alto, CA). Insect 
juvenile hormones I and IE, Tween 20 (polyoxyethylene (20) sorbitan 
monopalmitate), tris (hydroxymethyl)aminoethane hydrochloride, and thimerosal 
(ethylmercurithiosalicylic acid, sodium salt) were obtained from Sigma. Bovine 
serum albumin (BSA, fraction V), and Freund's complete and incomplete adjuvants 
were obtained from Gibco (Grand Island, NY). Human serum albumin (HSA, 
fraction V, fatty acid free), 3,3',5,5'-tetramethylbenzidine (TMB), and urea peroxide 
were purchased from Calbiochem (La Jolla, CA). Goat anti-rabbit horseradish 
peroxidase-conjugated antibody (IgG-HRP) was obtained from Jackson 
ImmunoResearch Laboratories, Inc. (West Grove, PA). Indirect enzyme linked 
immunosorbent assays were performed in flat-bottomed, polystyrene 96-well 
microtiter plates (Easy-Wash, Coming) and absorptions were determined using either 
a MR 600 Microtiter Plate instrument from Dynatech Instruments (Torrence, CA) or 
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a UVmax microplate reader (Molecular Devices, Menlo Park, CA) at 450 nm, and 
reported as optical density (OD). 
Coming 96-well microtiter plates were coated with the methoprene-protein 
conjugate at 0.1 pg/mL in carbonate buffer (0.05 M, pH 9.6, 0.1 mL/well) and 
incubated 4-6 h at 37 °C. One column (eight wells) was coated with the carrier 
protein, human serum albumin, at 0.1 mg/mL in carbonate buffer. This served as an 
indicator of antibody specificity for the carrier protein. The plates were washed three 
times with tris buffered saline with Tween-20 (TBS-Tween-20, 20 mM Tris, 500 mM 
NaCl, 0.01% thimerosal, 0.5% Tween-20, pH 7.5). Methoprene, in methanol (5 
pL/well), was added to wells at increasing concentrations, followed by rabbit anti- 
methoprene antiserum diluted 1/15,000 with antibody buffer (TBS-Tween-20, 1% 
BSA, 0.1 mL/well). The plates were incubated in a moist atmosphere (room 
temperature) for at least 4 h, and washed three times with TBS without Tween-20. 
Goat anti-rabbit IgG-HRP (diluted approx. 15,000x) was added to each well at 0.1 
mL/well, and plates were incubated for 2 h (room temperature). The plates were 
washed three times with TBS-Tween 20, and a substrate solution consisting of 
sodium acetate/citric acid buffer (0.1 M, pH 6.0, 10.0 mL), urea peroxide (5 mM, 1.0 
mL), and 3,3',5,5'-tetramethylbenzidine (TMB, 42 mM in dimethylsulfoxide, 0.1 mL) 
(Liem et al., 1979; Bos et al., 1981) was added to each well at 0.1 mL/well. The 
plates were developed from 20 min to 1 h, with the reaction being stopped by the 
addition of sulfuric acid (2 M, 50 pL). The absorption was determined at 450 nm. 
The results of several checkerboard assays are summarized in Table 2. The 
best absorbance range for the methoprene indirect ELISA was seen for antisera from 
rabbit #1, diluted 1:10,000, and added to microtiter plates coated with the actual 
immunizing antigen (53 molecules methoprene/molecule protein) applied at 10 
ng/well. The optical density under these conditions ranged from 1.496 OD units, in 
the absence of competing methoprene, to 0.232 OD units with the addition of 50 ng 
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Table 2. Coating antigens, antibody dilutions, and absorbances (OD) before and after 
the addition of methoprene indirect ELISA. 
Rabbit # amol methoprene/ 
(Dilution) mol protein ^ng/well OD cng MP OD 
#1 
1:10,000 53 (^NHS) 
1:5000 
1:5000 
1:5000 
41 (NHS) 
41 (NHS) 
41 (NHS) 
1:10,000 
1:10,000 
1:10,000 
31 (<T1NSA) 
31 (HNS A) 
31 (HNS A) 
1:5000 
1:5000 
1:5000 
38 (NHS) 
38 (NHS) 
38 (NHS) 
# 3 
1:1000 
£HSA abs. 
53 (NHS) 
53 (NHS) 
1:5000 
1:5000 
1:5000 
38 (NHS) 
38 (NHS) 
38 (NHS) 
#4 
1:1000 
£HSA abs. 
53 (NHS) 
53 (NHS) 
1:5000 
1:5000 
1:5000 
38 (NHS) 
38 (NHS) 
38 (NHS) 
10.0 1.496±0.058 
0.1 
1.0 
10.0 
0.521+0.014 
0.897+0.033 
0.967+0.060 
0.1 
1.0 
10.0 
0.790+0.056 
1.261+0.052 
1.266±0.020 
10.0 
50.0 
100.0 
0.684+0.034 
0.764+0.020 
1.032±0.028 
100.0 
50.0 
/0.424+0.004 
^0.789±0.004 
10.0 
50.0 
100.0 
0.443+0.026 
0.847+0.089 
0.978±0.001 
100.0 
50.0 
/0.322+0.042 
*0.796±0.002 
10.0 
50.0 
100.0 
0.367+0.013 
0.692+0.106 
0.895+0.016 
50 0.232+0.021 
250 0.143+0.030 
250 0.430+0.030 
250 0.885±0.057 
NA NA 
200 0.450+0.030 
200 0.158+0.034 
500 0.127+0.005 
500 0.304+0.037 
500 0.608+0.052 
500 0.283+0.022 
500 0.465+0.021 
500 0.151+0.023 
500 0.337+0.002 
500 0.515+0.028 
500 0.241+0.018 
500 0.550+0.022 
500 0.209+0.042 
500 0.402+0.061 
500 0.587+0.008 
For each coating antigen, number of molecules of methoprene conjugated per 
molecule of the carrier protein, human serum albumin. ^Amount of coating antigen 
applied per well. cAmount of exogenous methoprene added per well which competed 
for antibody binding sites to give the stated OD (N=3). ^Coating antigen prepared 
irom the AMiydroxysuccinimide (NHS) activated ester derivative of methoprene. 
Coating antigen prepared from the l-hydroxy-2-nitro-4-benzenesulfonate (HNSA) 
activated ester derivative of methoprene. /2,2’-azinobis(3-ethylbenzothiazoline-6- 
sulfonic acid), diammonium salt (ABTS) was used as the enzymatic chromophore 
sAntisera was preabsorbed with human serum albumin. /l3,3’,5,5’- 
tetramethylbenzidine was used to replace ABTS as the chromophore. 
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free methoprene. Antisera from rabbit #1 also responded well to the coating antigen 
containing 31 molecule methoprene/molecule protein. This antigen was used for the 
subsequent development of the methoprene indirect ELISA for tobacco (See Chapter 
4). 
Antisera from two other rabbits, #3 and #4, did not respond as well in the 
indirect ELISA in a number of respects. First, the antisera titers for these animals 
was far less than rabbit #1, as seen by the low dilution needed to observe a reaction in 
the assay (1:1000 for #3 and #4 vs. 1:10,000 for #1). Second the amount of coating 
antigen needed in the assay had to be increased ten times (100 ng/well vs. 10 
ng/well), and third, despite the lowered antisera dilutions and antigen coating the 
observed absorbances were quite low. A depression in absorbance was seen in the 
presence of methoprene, however, the difference was only about 0.1 OD units. To try 
to improve the performance of these antisera in the immunoassay, they were treated 
with human serum albumin to remove antibodies specific to the carrier protein. This 
step increased the difference in OD between tests containing no methoprene and 
added methoprene, however, the differences were small compared to the performance 
of rabbit #1. Changing enzymatic chromophores from 2,2'-azinobis(3- 
ethylbenzothiazoline-6-sulfonic acid), diammonium salt used in early experiments 
(Mei, 1988) to 3,3',5,5'-tetramethylbenzidine also helped to increase the absorbance. 
The use of antisera from rabbits #3 and #4 for further assay development was not 
pursued. 
3.3.2 Conjugation of Methoprene to Polv-L-Lvsine 
Haptens have sometimes been conjugated to homopolymers, such as dextran 
or carboxymethyl cellulose, and used as immunogens for antibody production 
(Dintzis et al., 1989), or as coating antigens in immunoassays (Gendloff et al., 1986). 
63 
Such coating antigens present the analyte to the antibody without other epitopes 
associated with a heterologous carrier protein. In some cases, background binding 
from antibodies specific for the carrier has been eliminated by using a hapten-poly-L- 
lysine conjugate (Gendloff et al., 1986). This concept seemed a possible way to 
present methoprene to the antibodies. A methoprene-poly-L-lysine conjugate was, 
therefore, prepared. 
Poly-L-lysine hydrochloride (5.65 mg, approximately 0.149 pmol, molecular 
weight 30,000-70,000, Sigma) in 0.5 mL phosphate buffer (0.1 M, pH 7.4) was added 
dropwise to a solution of compound (18) (1.84 mg, 3.20 pmol) in 1 mL phosphate 
buffer. The reaction was stirred for 30 min. Three aliquots (10 |iL) were removed 
and added to 1 mL phosphate buffer (0.01 M, pH 7.0) and the absorbance of the 
solutions were determined at 406 nm before and after the addition of NaOH (4 M, 50 
pL) (Mei, 1988; Mei et al., 1991). No increase in the absorbance was observed at 30 
min, indicating that all activated ester had reacted with the polymer, and that the 
reaction was complete. The reaction mixture was transferred to a dialysis tube (4 in, 
molecular weight cut off 12,000-14,000, Spectrapore) and the mixture was dialyzed 
against phosphate buffer (0.1 M, 3 x 500 mL) and distilled water (3 x 500 mL). The 
mixture was collected and freeze dried to give a fluffy white powder. The 
methoprene density on the polymer was determined by both radioassay and 
spectrophotometry (Mei, 1988) and was found to be approximately 23 mol 
methoprene/mol poly-L-lysine. The methoprene-poly-L-lysine conjugate was 
solubilized in carbonate buffer and applied to microtiter plates at various 
concentrations. Antisera from rabbit #1 was added and the indirect ELISA carried 
out as described. Results are summarized in Table 3. 
The methoprene antibody was able to bind to the methoprene-poly-L-lysine 
conjugate, however, it did not compete well for free methoprene. The absorbance 
difference in the absence and presence of methoprene was 0.2 OD units with 500 ng 
Table 3. Antibody dilutions, coating concentrations, and absorbances for a 
methoprene-poly-L-lysine conjugate in the iELISA. 
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Rabbit # 
(Dilution) 
amol methoprene/ 
mol polymer ^ng/well OD cng MP OD 
#i 
1:10,000 23 (rfHNSA) 50.0 0.221+0.113 500 0.126+0.086 
1:10,000 23 (HNSA) 100.0 0.483+0.020 500 0.345+0.016 
1:10,000 23 (HNSA) 500.0 0.770+0.045 500 0.562+0.131 
aFor this coating antigen, number of molecules of methoprene conjugated per 
molecule of the polymer, poly-L-lysine. ^Amount of coating antigen applied per 
well. cAmount of exogenous methoprene added per well which competed for 
antibody binding sites. ^Coating antigen prepared from the l-hydroxy-2-nitro-4- 
benzenesulfonate (HNS A) activated ester derivative of methoprene. 
of the conjugated polymer, and about 0.1 OD units with either 100 or 50 ng of the 
polymer. Because of the poor absorbance range observed with methoprene-poly-L- 
lysine as the coating antigen in the assay, this ELISA format was not pursued further. 
3.3.3 Standard Curves and Cross Reactivity 
From the above observations, an indirect ELISA was designed to measure the 
amount of methoprene in a solution by a competition reaction. Methoprene was first 
immobilized on the solid support by coating the methoprene conjugate to microtiter 
plate wells. The methoprene coating antigen which gave the best results contained 31 
molecules of methoprene per molecule protein, and was applied at a concentration of 
10 ng/well (0.1 mL/well). Under these conditions, whole antisera from rabbit #1 
could be diluted up to 15,000 times, but for routine use the antisera was diluted 
10,000 times. 
Standard curves were obtained by adding solutions of S-methoprene (to 
triplicate wells) in concentrations ranging from 0.5 ng - 500 ng/mL prior to the 
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addition of methoprene-specific antiserum, as described above. Cross reactivity of 
the antiserum was determined by testing related materials, such as juvenile hormone I 
and juvenile hormone HI, the methoprene intermediates used to prepare the 
immunogen, and the insect growth regulators, hydroprene and kinoprene. 
Methoprene, or other competitors, was then introduced to the assay prior to addition 
of anti-methoprene antiserum. methoprene bound to the solid support and free 
methoprene in solution competed for antibody binding sites. In this case, antibodies 
which bound to methoprene immobilized on the microtiter plate wall were also 
immobilized on the plate. Washing the plate removed antibodies bound to free 
methoprene in solution. This was followed by the addition of enzyme-labeled goat 
anti-rabbit antibody, which bound to anti-methoprene antibody immobilized on the 
microtiter plate walls. Another washing step removed unbound enzyme-labeled 
antibody, and this was followed by the addition of a colorless enzyme chromogen and 
substrate. The chromogen was converted to a colored product by immobilized 
enzyme and the absorbance of the product was determined by spectroscopy (450 nm). 
The degree of absorbance of the product could be directly related to the amount of 
methoprene introduced. This relationship was inverse and quantitative, where with 
absorption decreasing as the concentration of methoprene increased. A typical 
standard curve is shown in Figure 10, where the absorbance in OD units is plotted 
versus concentration of added methoprene. 
Cross recognition to related compounds was examined using the iELIS A 
format. The assay detected S-methoprene in a range from 5 to 300 ng/mL, with an 
I50 (concentration of analyte needed for 50% inhibition of the assay) of 
approximately 50 ng/mL (Figure 11). The derivatives used to make the methoprene 
immunogen, methoprene acid (2) and methoprene-spacer-acid (16), had I50's of 50 
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and 70 ng/mL, respectively, indicating that both the analyte portion of the hapten, 
independent of the spacer arm, and the immunizing hapten inhibited binding. Related 
compounds, juvenile hormones I and HI, did not react with the methoprene antiserum 
at concentrations up to 800 ng/mL (Figure 12). The methoprene analogs hydroprene 
(3) and kinoprene (4) also did not react at concentrations up to 1000 ng/mL (Figure 
13). 
3.4 Competitive Inhibition Enzyme Immunoassay fCIEIA) 
The methoprene indirect ELISA was reformatted into a competitive inhibition 
enzyme immunoassay or CIEIA which can now be obtained from Millipore Corp. 
(Bedford, MA) (Figure 4). In this assay, the rabbit anti-methoprene antibody (rabbit 
#1) was coated directly to the polystyrene microtiter plate wells. S-Methoprene was 
conjugated to an enzyme tag, and labeled S-methoprene and unlabeled S-methoprene 
or racemic methoprene from standards were added and allowed to compete for 
immobilized antibody binding sites. 
Anti-methoprene antiserum was diluted 1:40,000 in phosphate-buffered saline 
(pH 7.2), and used to coat Immunlon II microtiter strips (Dynatech Labs, Alexandria, 
VA). A methoprene horseradish peroxidase conjugate was prepared by conjugating 
the enzyme to the carboxylated derivative of S-methoprene using N- 
hydroxysuccinimide (Figure 7). Sephadex G-25 (Sigma) was used to purify the 
conjugated materials from any unreacted methoprene. The stock conjugate was 
diluted with an equal volume of glycerol and stored at -10 °C. Working dilutions 
(1:35,000) of the conjugate were prepared in a enzyme diluent buffer (pH 6.8, 100 
pL/well) that was stabilized with an inert protein additive containing merthiolate 
(available from ImmunoSystems). Standard solutions were prepared in 
acetonitrileiwater (60% v/v), and diluted with distilled water (100 pL in 2.0 mL). 
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Aliquots of these solutions (100 pL) were added to the microtiter wells. The well 
contents were mixed by gentle manual rotation of the plate. Plates were incubated 90 
min at 20 °C, washed four times with water, then substrate (urea peroxide, 4.3 mM, 
80 pL) and chromogen solution (3,3',5,5'-tetramethylbenzidine in citrate buffer, pH 
5.5, 40 pL) was added and incubated 45 min at 20 °C. Color development was 
terminated by the addition of 2 M H2S04, 50 pL/well. 
Figure 14 illustrates standard curves for S-methoprene and a racemic mixture 
of methoprene, both prepared using the CIEIA format. The range for S-methoprene 
was 1.0-10.0 ng/mL, with an I^q of 3.5 ng/mL. The range for the racemic mixture 
was also 1.0-10.0 ng/mL, but the I^q was about 5 ng/mL. Methoprene residues from 
tobacco treated with the racemic mixture were analyzed using the iELISA and the 
CIEIA formats (Chapter 4). 
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CHAPTER 4 
QUANTIFICATION OF METHOPRENE RESIDUES USING IMMUNOASSAYS 
4.1 Extraction of Methoprene from Tobacco 
To quantify the amount of methoprene used on tobacco, tobacco was treated 
(spiked) with methoprene and extracted. Extracts were assayed using both the 
indirect ELISA and the competitive inhibition EIA. 
4.1.1 Use of Thin Laver Chromatography to Prepare Methoprene Residues from 
Tobacco and Quantification Using the iELISA 
The extraction of tobacco samples followed a procedure developed for 
determining methoprene residues from plant materials by gas chromatography (Miller 
et al., 1975). Known amounts of S-methoprene (plus 5-(14C)-methoprene as a tracer) 
in 1 mL methanol were added to 1 g portions of shredded tobacco, mixed well by 
continuous tumbling (5 min), and allowed to air dry thoroughly. The spiked tobacco 
was stirred (5 min) with a 25 mL mixture of acetonitrile/water/Celite 45 (250 mL/30 
mL/10 g). The mixture was filtered by suction and the filter cake was washed with 
acetonitrile/water (80:20, 150 mL). Water was added (100 mL) and the filtrate was 
extracted with diethyl ether (3 x 50 mL). The combined ether extracts were washed 
with distilled water (3 x 50 mL) and saturated NaCl (3 x 50 mL), dried over MgS04, 
filtered, and the solvent removed under reduced pressure. Figure 15 illustrates the 
78 
79 
o * 
8 § 
ea ^ 
JO =3 
2 S 
T3 X 
O ’C 
'a. 
oo 
i D 
C 
<u 
cd 
£ 
o 
o 
o 
cd 
0<-£ O o 
m 
<D 
£ i 
CO 
T3 
C 
cd 
D 
C 
<d 
<u 
D 
4—> 
Cd 
i— O 
fc <u 
T3 
£3 T3 
c 
cd 
oo 
CX D 
<D Cd O 
"5 
c cx o _ 
oo 
£ 
< f 
CO CO cd 
-C .2 
£ £ 
£ 
*5 w 
u •'- 
O <L> W- JZ 
00 -* 
D O 
i— ^ 
>—• o 
<u 
> 
ai 
o 
c 
3^2 O 
•H 
cd 
*o 
c 
cd ■*-* CO — 
<o O 
1) I—i 
u, <u 
"O c 
TD <*_ 
.2o 
cx 2 
WO cd 
cx 2 
<u 
u, 3 tuo 
u* 
00 
4—> 
o 
cd 
h 
x 
<L) 
fcX) 
<u T3 
<D 
£ 
80 
uomqiqui % 
In
hi
bi
to
r 
(n
g/
g)
 
81 
type of curve obtained when undiluted tobacco extract is applied directly to the 
microtiter plate. 
To remove plant materials which may interfere with the iELISA, tobacco 
residues from the extraction procedure were resuspended in methanol (20 pL) and 
applied to plastic TLC plates (Kodak # 13179, no fluorescent indicator, 2 pL/lane) 
along with a methoprene standard. The plates were developed with ethyl 
acetate.dichloromethane.’hexane (1:2:7). The lane containing the standard was cut 
from the plate and developed in iodine vapor. Regions containing methoprene (Rf = 
0.46) were scraped from the other lanes (approx. 1 cm2/lane), and after adding 
hexane (0.4 mL) the scrapings were vortexed (1 min) and centrifuged (8000 x g, 15 
min). The supernatants were removed to vials, evaporated by a stream of air, and 
resuspended in methanol (1 mL) (90-92% recovery). Aliquots (5 mL) of the purified 
residue were applied to the methoprene iELISA (Figure 16). 
4-1*2 Simple Liquid Extraction of Tobacco and Quantification Using the CIF.IA 
Because the iELISA required more extensive clean up procedures, the CIEIA 
format was adapted for tobacco use and provided enhanced assay simplicity and 
sensitivity. Various types of tobacco were spiked in 3 to 8 ppm concentrations with 
S-methoprene or a mixture of R- and S-methoprene isomers (Kabat™ tobacco 
formulation) and extracted. 
One gram of methoprene-spiked dried, ground, or chopped tobacco was 
shaken with 24 mL of 60% (v/v) acetonitrile for 30 min (200 rpm on an orbital 
shaker). The supernatant (2-3 mL) was filtered through a Millex LCR syringe filter 
(Milhpore Corp., Cambridge, MA). The filtered supernatant was further diluted with 
distilled water (100 pL into 2.0 mL), and 100 pL of this solution was added to 
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antibody coated wells, followed by the methoprene-horseradish peroxidase conjugate 
as described in Chapter 3. Figure 17 illustrates a spike and recovery curve using the 
CIEIA to estimate the methoprene residue on five varieties of tobacco. 
4.2 Correlation of Methoprene Analysis bv CIEIA and High Pressure Liquid 
Chromatography fHPLO 
Various tobacco types were extracted and diluted as described above. 
Samples from these extractions were analyzed by the methoprene CIEIA and HPLC, 
where triplicate well analysis were carried out for the CIEIA and duplicate runs for 
HPLC. The experiments were conducted to determine if the CIEIA could predict the 
HPLC values for methoprene residues on individual tobacco genotypes. The data for 
both techniques are compared in Table 4 and a regression curve is illustrated in 
Figure 18. 
Table 4. Correlation data for CIEIA and HPLC methods used to determine S- 
methoprene on various types of tobacco. 
Genotype N Range 
(ppm) 
Slope Intercept r2 r 
Flue-cured 8 0.0-7.8 1.17 -0.191 0.971 0.985 
Flue-cured 6 0.7-8.3 1.37 0.436 0.950 0.975 
Burley 6 0.6-8.0 0.773 -0.051 0.990 0.995 
Burley 9 0.6-8.0 1.07 0.224 0.982 0.990 
Oriental 5 0.0-7.4 1.03 0.150 0.991 0.995 
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4.3 Application of the Methoprene Immunochemical Assays 
The two methoprene immunochemical assays have the potential to be used in 
commercial settings for the detection of methoprene residues. The methoprene 
CIEIA was formatted with the users needs in mind. 
4.3.1 Indirect Enzyme-Linked Immunosorbent Assay 
The methoprene iELISA has potential use for the determination of residues 
from plant matrices. Because of the large amount of interference encountered when 
tobacco residues were applied directly to the assay (Mei et al., 1990), TLC was used 
to clean up the extracts. Use of this procedure eliminated the interference, as 
expected (Figure 17). The iELISA for detecting methoprene residues from tobacco 
has a range of 5 to 100 ng/mL, with an I50 of approximately 10 ng. When the 
methoprene iELISA is used to monitor environmental samples, the cross 
reactivity to methoprene acid can be eliminated using chromatography to separate 
methoprene from methoprene acid. Schooley et al. (1975) have shown that 
methoprene acid is a degradation product formed by microbial metabolism in water 
samples. Degradation of methoprene by photodecomposition (Quistad et al., 1975b) 
or mammalian metabolism (Quistad et al., 1975a) does not generate methoprene acid. 
Methoprene-spacer acid is not found in nature. 
4-3-2 Competitive Inhibition Enzyme Immunoassay 
The CIEIA format greatly reduced the amount of time needed to perform the 
assay compared to the iELISA (1.5 h vs. 6 to 7 h, respectively). The sensitivity of the 
assay was also greatly improved. The CIEIA simplified the tobacco sample 
90 
preparation, where one need only extract the sample, filter the supernatant, make one 
dilution, and apply to the assay. This simplified preparation should reduce analysis 
time. The standard curve prepared from spiked tobacco using the CIEIA had a range 
of 2.0-10.0 ppm (Figure 16), however, standards provided in the CIEIA kit range 
from 2-20 ppb, as a final concentration in the sample plate. This takes into account 
the dilution factors introduced as a result of extracting tobacco samples treated with 
ppm levels of methoprene. The CIEIA has been shown to be very effective at 
determining methoprene residues when compared to the HPLC method, which up to 
this point, has been the method employed for routine analysis (Figure 18). Moreover, 
the tobacco matrix, regardless of variety, has little effect on the assay as shown by the 
regression curve in Figure 17. This also indicates that other pesticides which may be 
extracted along with methoprene, do not have any effect on the assay. 
The synthesis of hapten and hapten-carrier conjugates used to raise specific 
polyclonal antibodies formed the basis for sensitive immunoassays for methoprene. 
The methoprene immunoassays have the potential for use in the determination of 
residues from plant and water matrices. The CIEIA format enables the user to 
process many more samples than other analytical techniques. Collaborative efforts 
are currently being conducted to determine if the methoprene CIEIA can be adapted 
to detect residues from grain samples (e.g. whole grain wheat, broken kernels, and 
flours). Additional protocols are also being investigated using methanol (80%, v/v) 
as the extracting solvent in place of acetonitrile for plant matrices. Preliminary 
results indicate that methanol is a suitable substitute for acetonitrile. 
CHAPTER 5 
PREPARATION OF DERIVATIVES FOR THE SYNTHESIS OF A JUVENILE 
HORMONE IE IMMUNOGEN 
5.1 Materials and Methods 
Manganese dioxide (Mn02) was either prepared fresh or obtained from 
Aldrich (St. Louis, MO), trans, trans-Famesol (19) (98%), manganese(II) sulfate 
monohydrate (MnSC^), potassium permanganate (KMnC^), sodium cyanide (NaCN), 
1,3-dicyclohexylcarbodiimide (DCC), N,N'-dimethylpyridine (DMAP), 
1,4,7,10,13,16,-hexaoxacyclooctadecane (18-crown-6), A-bromosuccinimide (NBS), 
and A-hydroxysuccinimide (NHS) were obtained from Aldrich. Tetrahydrofuran 
(THF) was distilled from benzophenone and sodium. Acetonitrile was distilled from 
lithium aluminum hydride. 2-(Trimethylsilyl)ethyl 4-hydroxybutanoate (23) was 
prepared according to the method of Mei (1988). Flash chromatography was carried 
out by the method of Still et al. (1978). Thin layer chromatography (TLC) plates 
were visualized either using iodine or were stained with phosphomolybdic acid (20% 
in ethanol, Aldrich). 
lH Nuclear magnetic resonance (NMR) spectra were obtained from a General 
Electric QE300 spectrometer operating at 300 MHz. Infrared spectra were obtained 
from a Hewlit Packard 510P spectrometer. Visual and UV absorbances were 
obtained by a Ultraspec 4050 spectrophotometer (LKB Biochrom, Ltd., Cambridge, 
England). Protein conjugates were dried using a Savant Model ccl20 Speed Vac 
(Savant Instruments, Inc., Farmingdale, NY). 
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5.2 Experimental Section 
The following sections describe the synthesis of the derivatives necessary to 
prepare the juvenile hormone HI immunogen. 
5.2.1 Preparation of Manganese Dioxide 
Manganese dioxide (MnO^ was prepared by the method of Attenburrow 
(1952). Manganese (II) sulfate monohydrate (16.90 g, 100 pmol) in water (100 mL) 
and a solution of 40% NaOH (78 mL) were slowly added together (over 1 h) to a 
stirred solution of hot (80 °C) potassium permanganate (18.96 g, 100 pmol) in water 
(400 mL). A brown precipitate formed. The solution was stirred for an additional 1 
h. The precipitate was filtered with suction from the solution and washed until the 
filtrate was colorless The brown solid was dried (110 °C, 24 h) and ground to a fine 
powder before use. 
5-2-2 Preparation of 3,7.1 l-Trimethvl-2.6.10-dodecatriena1 QOl 
A solution of trans, Pww-farnesol (19) (Figure 19) (10.15 g, 45.65 mmol) in 
hexane (75 mL) was added over a 1.5 h period to a stirred suspension of Mn02 (43.45 
g, 499.81 mmol, Attenburrow, 1952) in hexane (100 mL) atO °C (Corey et al„ 1968a; 
Fatiadi, 1976; McCormick et ah, 1977). The mixture was stirred for 96 h at 0 °C. 
Mn02 was filtered from the solution through a pad of celite, the filter cake was 
washed with hexane, and the hexane was removed under reduced pressure to give a 
yellow oil. TLC of the oil showed 2 spots (ethyl acetateihexane, 20:80): alcohol, Rf 
0.29 (minor); and aldehyde Rf 0.60 (major). The oil was purified by flash 
chromatography (ethyl acetate:hexane, 20:90) to give 8.73 g of the aldehyde (20) as a 
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pale yellow oil (86%) (Figure 19). IR (neat) 1690 (s, C=0), 1610 cm-1 (s, conjugated 
C=C); lH NMR (300 mHz, CDC13): 5 1.60 (s, 6H, Cl- and Cl 1-CH3), 1.68 (s, 6H, 
C3- and C12-CH3), 1.9-2.4 (m, 11H, allylic H, C3-CH3), 5.0-5.2 (m, 2H, vinyllic C6- 
and C10-H), 5.88 (t, J = 9 Hz, 1H, C2), 9.92-10.0 (d, J = 9 Hz, 1H, cis and trans 
CHO). 
5-2.3 Preparation of Methyl 3.7,ll-trimethvl-2.6.10-dodecatrienoate (21). Methvl 
famesoate 
The aldehyde (20) (8.05 g, 36.22 mmol) in methanol (50 mL) was added to a 
suspension of Mn02 (62.24 g, 715.90 mmol), NaCN (9.93 g, 202.63 mmol) and 
acetic acid (4.32 g, 71.96 mmol) in methanol (200 mL) at 0 °C (Corey et al., 1968b). 
The reaction was stirred at 0 °C for 24 h. Mn02 was filtered from the solution 
through a pad of celite and the filter cake was washed with methanol. The methanol 
was concentrated under reduced pressure and water (75 mL) added. The aqueous 
mixture was extracted with hexane (3 x 50 mL), saturated NaCl (3 x 25 mL), and 
dried over MgS04. The hexane was removed under reduced pressure to give a 
yellow oil which showed two spots by TLC (ethyl acetate:hexane, 5:95): aldehyde Rf 
0.26 (minor); and methyl ester Rf 0.33 (major). The methyl ester was purified by 
flash chromatography (ethyl acetate:hexane, 5:95) to give 6.52 g of (21) as a yellow 
oil (72%) (Figure 19). IR (neat): 1710 (s, C=0), 1610 cm-' (m, conjugated C=C); 
*H NMR (“Cis): 8 1-58 (s, 6H, C7 and C11-CH3), 1.63 (s, 3H, C12-CH3), 1.9-2.2 
(m, 11H, allylic H and C3-CH3), 3.63 (s, 3H, OCH3), 5.0-5.2 (m, 2H, vinyllic C2- 
and C10-H), 5.64 (s, 1H, vinyllic CIO). 
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5.2.4 Preparation of 3.7.1 l-Trimethvl-2.6.10-dodecatrienoic Acid (22), Famesoic 
Acid 
A solution of methyl famesoate (21) (3.61 g, 14.4 mmol) in ethanol (10 mL) 
was added to a solution of 2M NaOH in aqueous ethanol (85%, 25 mL) (Baehr, et al., 
1987). The solution was heated with stirring to 45 °C for 16 h. The solution was 
concentrated under reduced pressure and water (50 mL) was added. The aqueous 
solution was extracted with hexane (2 x 25 mL) and acidified with 50% aqueous HC1. 
The acidic solution was extracted with diethyl ether (3 x 50 mL), and the combined 
ether extracts were washed with water (2 x 25 mL) and saturated NaCl (3 x 25 mL). 
The ether was removed to give a yellow oil. The oil was purified by flash 
chromatography (ethyl acetate:hexane:acetic acid, 20:80:0.1, Rf 0.31) yielding 3.1 g 
(88 %) of the acid (22) as a yellow oil (Figure 19). IR (neat) 3000-2850 (s br, 
COOH), 1690 (s, C=0), 1610 cm*1 (m, conjugated C=C); NMR (CDCL3, 300 mHz): 
8 1.60 (s, 6H, Cl- and C11-CH3), 1.68 (s, 3H, C12), 1.9-2.2 (m, 11H, allylic H and 
C3-CH3), 5.0-5.2 (m, 2H, C6- and C10-H), 5.68 (s, 1H, C2-H), 10.5-11.2 (br s, 1H, 
COOH). 
5-2-5 Preparation of 2-(Trimethv1silvnethvl 4-G.7.1 l-trime.thvl-9 6,10- 
dodecatrienovloxvlbutanoatp. (24) 
DCC (1.35 g, 6.5 mmol) and DMAP (0.321 g, and 2.62 mmol) were added to 
a cold solution (0 °C) of 2-(trimethylsilyl)ethyl 4-hydroxybutanoate (23) (1.24 g, 6.1 
mmol) in CH2C12 (20 mL) (Mei, 1988). Famesoic acid (22) (1.15 g, 4.86 mmol) in 
CH2C12 (10 mL) was added to the solution over a 1 h period. The reaction was 
stirred for 10 min after completion of the addition and placed at -20 °C for 24 h. 1,3- 
Dicyclohexylcarbodiimide (DCU) was filtered from the solution with suction, and the 
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solution was washed with 10% aqueous NaHC03 (3 x 25 mL), water (3 x 25 mL), 
10% aqueous acetic acid (3 x 25 mL), water (3 x 25 mL), saturated NaCl (3 x 25 mL) 
and dried over MgS04. The drying agent was fdtered with suction and the CH2C12 
removed under reduced pressure to give a yellow oil. TLC of the oil (ethyl 
acetate:hexane, 10:90) showed two spots corresponding to the 2-(trimethyIsilyl)ethyl 
ester (24) (Rf 0.33), and 3,7,1 l-trimethyl-2,6,10-dodecatrienoic anhydride (25) (Rf 
0.44). The ester was separated from the anhydride by flash chromatography (ethyl 
acetate:hexane, 10:90) to give 1.34 g of the 2-(trimethylsilyl)ethyl ester (24) (65%) 
and 0.18 g of the anhydride (Figure 20). Spectral data for the 2-(trimethylsilyl)ethyl 
ester (24): IR (neat): 1730 (s, C=0), 1710 (s, C=0), 1610 (m, conjugated C=C), 1250 
cm 1 (s, Si-CHj). 'H NMR (CDCI3, 300 mHz): 8 0.04 (s, 9H, Si-(CH3)3, 0.9 (t, 2H, J 
= 7 Hz, CH2-Si), 1.58 (s, 6H, C7'- and Cl l'-CH3), 1.60 (s, 3H, C12'-CH3), 1.9-2.2 (m 
11H, allylic H and C3-CH3), 2.4 (m, 2H, C2-CH2), 4.0-4.2 (m, 4H, CH2-CH2- 
Si(CH3)3 and C4-CH2), 5.0-5.2 (m, 2H, C6- and C10-H), 5.68 (s, 1H, C2-H). 
Spectral data for the anhydride (25): IR (neat): 1800, 1760 (s, C=0), 1610 (m, 
conjugated C=C), 1040 cm'* (s, C-O-C); 1h NMR (CDC13, 300 mHz): 8 1.60 (s, 6H, 
Cl- and Cl 1-CH3), 1.68 (s, 3H, C12), 1.9-2.2 (m, 11H, allylic H and C3-CH3), 5.0- 
5.2 (m, 2H, C6- and C10-H), 5.68 (s, 1H, C2-H), 10.5-11.2 (br s, 1H, COOH). 
5'2'6 —paration of?--(Trimethylsilyl)ethv| 4-H0 1 l-enoxv-3 7 1 l-trimethvl-9 
dodecadiennylnxv^butanoHtp. (77) 
The bromohydrin (26) was prepared according to the method described for the 
preparation of methyl 10,ll-epoxy-3,7,ll-trimethyl-2,6-dodecadienoate (28) 
(McCormick et al„ 1977). To avoid the hydrolysis during epoxide formation, the 
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following reaction was carried out under anhydrous conditions in THF using a phase 
transfer catalyst (Gerbi et al.,1981). Anhydrous K2C03 (466 g, 3.374 mmol) was 
added to a cold solution (0 °C) of the bromohydrin (26) (0.708 g, 1.362 mmol) in dry 
THF (10 mL). The phase transfer catalyst, 18-crown-6 (0.178 g, 0.676 mmol), in 
THF (5 mL) was added to the mixture. The reaction was stirred for 18 h at 0 °C. 
Water (30 mL) was added to the mixture and the aqueous solution was extracted with 
hexane (3x15 mL). The combined extracts were washed with saturated NaCl (3 x 
25 mL), dried over MgS04, and the solvent removed under reduced pressure to give a 
yellow oil. TLC (ethyl acetate:hexane, 20:80) showed three spots corresponding to 
the bromohydrin (26) Rf 0.22; the epoxide (27) Rf 0.34; and the starting ester (24) Rf 
0.52. The epoxide was separated from the bromohydrin and starting material by flash 
chromatography (ethyl acetate:hexane, 20:80) to give 452 mg (76%) of the epoxide 
(27) as a clear oil (Figure 21). IR (neat): 1710 (s, C=0), 1610 (m, conjugated C=C), 
1250 cm-1 (m, Si-C); *H NMR (CDC13, 300 mHz): 8 0.37 (s, 9H, Si-(CH3)3), 1.25 
and 1.29 (s, 6H, C(CH3)2), 1.63 (s, 3H, C7'-CH3), 2.15 (s, 3H, C3'-CH3), 2.69 (t, 1H, 
J = 6H, CH0), 4.1-4.2 (m, 4H, CH2-CH2-Si(CH3)3 and C4-CH2), 5.1 (br s, 1H, 
vinyllic C6'-H), 5.65 (s, 1H, vinyllic C2'-H). 
Preparation of Methyl 10.11-epoxv-3.7.11-trimethvl-2.6-dodecadie.noate (281. 
Juvenile Hormone ITT 
IV-Bromosuccinimide (NBS, recrystalyzed from water) (84.8 mg, 494 mmol) 
was added under N2 to a cold (5 °C) solution of 2-(trimethylsilyl)ethyl 4-(3,7,l1- 
trimethyl-2,6,10-dodecatrienoyloxy)butanoate (24) (200 mg, 474 mmol) in t-butyl 
alcohol (10 mL) and water (13 mL) (van Temelen and Sharpless, 1967; Corey et al„ 
1968a; van Temelen, 1968; McCormick et al„ 1977; van Temelen et al„ 1982; Budt 
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et al., 1986). The mixture was stirred for 18 h at room temperature. TLC (ethyl 
acetate:hexane, 20:80) showed two spots corresponding to the bromohydrin (26) Rf 
0.26 and the 2-(trimethylsilyl)ethyl ester (24) Rf 0.55 (Figure 21). Even though 
conversion of the starting material to the bromohydrin was not complete, the reaction 
mixture was concentrated under reduced pressure. Water (30 mL) was added and the 
aqueous solution was extracted with diethyl ether (3 x 20 mL). The combined ether 
extracts were washed with saturated NaCl (3 x 25 mL), dried over MgS04, and 
filtered to give a yellow oil. 
The oil was then taken up in MeOH (10 mL) and anhydrous K2C03 (162 mg, 
1172 mmol) was added. The reaction was stirred at room temperature for 24 h. 
Water (25 mL) and ether (25 mL) were added and the ether separated from the 
aqueous layer. The aqueous portion was extracted with hexane (3 x 25 mL), and the 
combined organics were washed with saturated NaCl (3 x 25 mL), dried over 
MgS04, filtered and solvents removed under reduced pressure to give the crude 
epoxide as a yellow oil. TLC (ethyl acetaterhexane, 20:80) showed two spots 
corresponding to the epoxide (28) Rf O.i,^, a.,u..b _ ^ j 
epoxide was purified from starting material by flash chromatography (ethyl 
acetate.hexane, 20.80) to give 61 mg (30%) of pure juvenile hormone in (28) (Figure 
21). IR (neat). 1710 (s, C=0), 1610 cm'1 (m, conjugated C=C); >H NMR (CDCl, 
300 mHz): 8 1.25 and 1.29 (s, 6H, C(CH3)2), 1.63 (s, 3H, C7-CH3), 2.16 (s, 3H, C3, 
CH3), 2.69 (t, 1H, J = 6H, CH0) 3 67 fs 3H nrtr i ,,, . 
', J-0/ ^s’ ULH3h 512 (br s, 1H, vmyllic C6-H), 
5-65 (s, 1H, vinyllic C2-H). 
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5.2.8 Preparation of 4-(3.7.11-Trimethvl-2,6,10-dodecatrienoyloxv)butanoic Acid 
(29) 
Compound (24) (700 mg, 1.66 mmol) in dry CH3CN (20 mL) was added to a 
solution of Et4NF (2.95 g, 16.5 mmol) in CH3CN (20 mL) under nitrogen (Figure 
22). The reaction was stirred for at room temperature for 18 h. The reaction was 
heated to 48 °C for an additional 4 h. Water (100 mL) was added and the mixture 
was extracted with hexane (2 x 25 mL). The aqueous portion was acidified with 
aqueous 50% HC1 and extracted with diethyl ether (3 x 25 mL). The combined ether 
extracts were washed with saturated NaCl (2 x 25 mL), dried over MgS04, filtered, 
and the ether removed under reduced pressure to give 524 mg (98%) of the acid (29) 
as a yellow oil (Figure 22). IR (neat): 3000-2900 (s br, COOH), 1710 (s, C=0), 1610 
cnr1 (m, conjugated C=C; *H NMR (CDC13): 5 1.58 (s, 6H, CT- and Cl l'-CH3), 
1.60 (s, 3H, C12'-CH3), 1.9-2.2 (m 11H, allylic H and C3-CH3), 2.4 (m, 2H, C2- 
CH2), 4.0-4.2 (m, 2H, C4-CH2), 5.0-5.2 (m, 2H, C6- and C10-H), 5.68 (s, 1H, C2-H). 
5-2.9 Preparation of 4-00,1 l-Epoxv-3.7.11-trimethvl-2.6- 
dodecadienovloxvlbutanoic Acid t30> 
2-(Trimethylsilyl)ethyl 4-(10,ll-epoxy-3,7,ll-trimethyl-2,6,10- 
dodecatrienoyloxyjbutanoate (27) (310 mg, 706 mmol) in dry CH3CN (10 mL) was 
added to a solution of Et4NF (1.05 g, 7.1 mmol) in CH3CN (10 mL) under nitrogen 
(Carpino et al., 1978). The reaction was stirred for at rt for 3 h (Figure 22). Water 
(50 mL) was added and the mixture was extracted with diethyl ether (2 x 25 mL). 
Saturated NaCl (50 mL) was added to the aqueous portion was further extracted with 
ether (8 x 20 mL). The combined extracts were dried over MgS04, filtered, and the 
ether removed under reduced pressure to give 235 mg (98%) of the acid (30) as a pale 
105 
Figure 22. Formation of juvenile hormone-spacer acid, 4-(10,l l-Epoxy-3,7,11- 
trimethyl-2,6-dodecadienoyloxy)butanoic acid (30) and farnesol-spacer acid, 4- 
(3,7,11 -Trimethyl-2,6,10-dodecatrienoyloxy)butanoic acid (29). 
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yellow oil (Figure 22). IR (neat): 3000-2900 (s br, COOH), 1710 (s, C=0), 1610 crrr 
1 (m, conjugated C=C); >H NMR (CDC13, 300 mHz): 8 1.25 and 1.29 (s, 6H, 
C(CH3)2), 1.63 (s, 3H, C7'-CH3, 2.15 (s, 3H, C3'-CH3), 2.69 (t, 1H, J = 6H, CH0), 
4.1-4.2 (m, 2H, C4-CH2), 5.1 (br s, 1H, vinyllic C6'-H), 5.65 (s, 1H, vinyllic C2'-H). 
5.2.10 Preparation of N-Hvdroxvsuccinimidvl 4-(T0.1 l-Epoxv-3.7.1 l-trimethvl-2.6- 
dodecadienovloxvlbutanoate (32) 
DCC (79 mg, 382 pmol) was added to a solution of 4-(10,ll-epoxy-3,7,ll- 
trimethyl-2,6-dodecadienoyloxy)butanoic acid (30) (100 mg, 295 pmol) and N- 
Hydroxysuccinimide (31) (44 mg, 383 pmol) in THF (5 mL). The reaction was 
placed at -20 °C for 24 h. DCU was filtered from the solution, and CH2C12 (10 mL) 
was added. The solution was washed with water (3x5 mL) and sat. NaCl (2 x 10 
mL), dried over MgSC^, filtered, and the CH2C12 removed under reduced pressure to 
give a yellow oil and DCU (131.6 mg). The NHS ester was purified by flash 
chromatography (ethyl acetate:hexane, 50:50) to give 51.8 mg of the ester (32) as a 
pale yellow oil (40%) (Figure 23). IR (neat): 1750, 1710, 1690 (s, C=0), 1610 cm'1 
(m, conjugated C=C); !H NMR (CDC13, 300 mHz): 5 1.25 and 1.29 (s,6H, 
C(CH3)2), 1.63 (s, 3H, C7'-CH3), 2.15 (s, 3H, C3’-CH3), 2.65 (m, C2-CH2 and 
OCH), 2.81 (s, 4H, succinimidyl H), 4.1-4.2 (m, 2H, C4-CH2), 5.1 (br s, 1H, vinyllic 
C6'-H), 5.65 (s, 1H, vinyllic C2'-H). 
^•3 Preparation of a Juvenile Hormone III Immunogen 
The juvenile hormone III immunogen was prepared from the reaction of the 
activated ester derivative of juvenile hormone Ill-spacer acid (32), and the protein 
human serum albumin (Figure 23). 
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5.3.1 Activated Ester Conjugation of Juvenile Hormone to Human Serum Albumin 
The succinimidyl ester (32) (22.86 mg, 52.49 nmol) in THF (1.5 mL) was 
added to a solution of human serum albumin (50.13 mg, 0.73 nmol) in phosphate 
buffer (0.2 M, 1.5 mL, pH 9.0, adjusted with 0.1 N NaOH) (Figure 23). The cloudy 
mixture was stirred at rt for 48 h. The mixture was dialyzed against phosphate buffer 
(0.1 M, pH 7.2, 1 L) and distilled water (2 L). The mixture was dried using the Speed 
Vac to give 59.29 mg of a fluffy white powder (11). 
5.3.2 Assay of Juvenile Hormone-Human Serum Albumin Conjugate 
Unlike the preparation of the methoprene immunogens, where the hapten 
density of the methoprene-protein conjugate could be estimated by either radioassay, 
spectrophotometry, or both, the juvenile hormone protein conjugate did not contain a 
radiolabel, nor was it prepared in such a way as to allow the use of a 
spectrophotometer to determine hapten density during the conjugation reaction. Both 
of these methods were used to directly estimate the hapten density of the methoprene 
immunogens (Mei, 1988). 
The hapten density of the juvenile hormone immunogen was determined using 
the reagent, trinitrobenzenesulfonic acid (TNBS). The reagent was developed as a 
milder and more specific way of determining the free amino groups of amino acids 
and peptides (Okuyama and Satake, 1960; Satake et al., 1960). The reagent was 
further used to determine free e-lysine amino groups of proteins before and after 
modification with formaldehyde (Habeeb, 1966). It was found that TNBS reacted 
with free e-lysine amino groups to give trinitrophenyl (TNP) derivatives. The 
absorbance of the derivatives was correlated with the protein concentration, and was 
found to be linear (up to 1 mg/mL) (Habeeb, 1960). 
Ill 
5.3.3 Estimation Free Amino Groups on the Juvenile Hormone III Conjugate 
Following the method of Habeeb (1966), protein solutions, bovine serum 
albumin, human serum albumin, and juvenile hormone-human serum albumin, were 
each prepared at a concentration of 1 mg/mL in distilled water. A 1 mL aliquot of 
each solution was removed (in triplicate) and to it was added 1 mL 4% sodium 
bicarbonate (NaHCC^, pH 8.5), and 1 mL 0.1% TNBS. The solutions were allowed 
to react for 2 h in a water bath at 40 °C. Each solution then received 1 mL 10% 
sodium lauryl sulfate (SDS) and 0.5 mL 1 N HCL. The absorbance of the solutions 
was determined at 335 nm against a blank which used 1 mL of distilled water instead 
of a protein solution. Table 4 summarizes the data collected for three trials of each 
protein. 
Bovine serum albumin was used as a standard to compare with literature 
values in order to verify that the procedure was followed properly. Habeeb (1966) 
reported that bovine serum albumin had an absorbance at 335 nm of 0.95 for 0.5 
mg/mL. This is half the absorbance, recorded here, for bovine serum albumin, 1.908 
for 1 mg/mL, and agrees with the linear correlation for absorbance and concentration. 
The values for unmodified human serum albumin were then compared with those for 
juvenile hormone-conjugated human serum albumin. It was found that the 
unmodified earner had an average absorbance of 2.128, while the modified carrier 
had an average absorbance of 0.559. This corresponded to 73.73% of the e-lysine 
amine groups conjugated to juvenile hormone, or a total of 43.5 juvenile hormone 
molecules conjugated per protein molecule (Table 5). 
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Table 5. Absorbance (335 nm) of proteins allowed to react with trinitrobenezene 
sulfonic acid. 
Protein 
(Trial #) OD 
Mean 
OD 
# Free e-lysine 
Groups 
Bovine Serum Albumin 
1 1.820 
2 1.989 
3 1.915 1.908±0.085 a6l 
Human Serum Albumin 
1 2.042 
2 2.102 
3 2.241 2.128±0.102 *59 
Juvenile Hormone- 
Human Serum Albumin 
1 0.477 
2 0.587 
3 0.614 0.559±0.073 c15.5 
aHabeeb, 1966. ^Meloun et al., 1975. 
cAbsHS^^AbsjH-HSAx 
^bsHSA 
2.128 -0.559 x 
2.128 
100% = 
100% = 73.73%, or 
59 x 0.7373 = 43.5 e-lysine groups reacted 
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5.4 Immunization Schemes for the Production of Anti-Juvenile 
Hormone III Polyclonal Antisera 
Polyclonal antisera were raised against the juvenile hormone HI immunogen 
by immunizing rabbits with the hormone-protein conjugate (11). The juvenile 
hormone immunogen containing about 43 molecules per carrier protein was used to 
immunize a total of four New Zealand white rabbits (Millbrook Farm, Amherst, MA). 
Four immunization schemes were used. Antisera was collected from each rabbit and 
characterized. 
5-4-1 Rabbit "Freund's" Incomplete Juvenile Hormone-1 fRFTH-1) 
A modified "conventional” immunization schedule for RFJH-1 was followed, 
where Freund's incomplete adjuvant was used for the first booster shot instead of the 
complete adjuvant. The animal was initially immunized with an intravenous injection 
of 200 pg juvenile hormone immunogen in 0.5 mL sterile phosphate buffered saline 
(0.1 M, pH 7.2). The injection was administered through the ear vein. The animal 
was boosted one month later with 200 pg immunogen in an emulsion of phosphate 
buffered saline (0.25 mL) and Freund's incomplete adjuvant (0.25 mL, Gibco 
Laboratories, Grand Island, NY), subcutaneously in many sites on the back of the 
neck. The animal was boosted a second time with 400 pg immunogen in an emulsion 
of phosphate buffered saline (0.25 mL) and Freund's incomplete adjuvant (0.25 mL), 
intramuscularly in the hind quarters. Blood serum was collected one week later. 
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5.4.2 Rabbit "Maalox®" Juvenile Hormone-2 (RMJH-2) 
This animal (RMJH-2) was immunized with the juvenile hormone 
immunogen using Maalox® (unflavored, William H. Rorer, Inc., Fort Washington, 
PA) as the adjuvant. An initial injection was given subcutaneously, in the neck area, 
with 200 pg of the juvenile hormone immunogen in phosphate buffered saline (0.5 
mL) and Maalox® (0.5 mL, shaken well). A booster was given one month later, with 
100 pg of the immunogen in phosphate buffered saline (0.25 mL) and Maalox® (0.25 
mL), intramuscularly in the hind quarters. Blood serum was collected one week later. 
5.4.3 Rabbit "Freund's" Complete Juvenile Hormone-3 fRFJH-3) 
The immunization scheme followed was basically the same as RFJH-1, with 
an initial intravenous injection of the juvenile hormone immunogen. The first booster 
was given subcutaneously one month later, and was prepared in Freund's complete 
adjuvant. A second booster was given intramuscularly in the hind quarters one month 
after the first booster, and was prepared with Freund's incomplete adjuvant. The 
amount of immunogen and adjuvant given at each injection was the same as RFJH-1. 
Serum was collected one week later. 
5-4-4 Rabbit "Intravenous" Juvenile Hormone-4 fRIVJH-4^ 
A fourth rabbit (RIVJH-4) was treated differently from RFJH-3. The initial 
injection consisted of an emulsion of the juvenile hormone immunogen (200 pg) in 
phosphate buffered saline (0.5 mL) and Freund's complete adjuvant (0.5 mL), given 
subcutaneously to many sites on the back of the neck. A booster was given three 
weeks later with the immunogen (200 pg) in phosphate buffered saline (0.5 mL) and 
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Freund's incomplete adjuvant (0.5 mL), intramuscularly in the hind quarters. One 
month subsequent to the booster shot, the animal was given an intravenous injection 
of the immunogen (50 pig) in phosphate buffered saline (0.5 mL), each day for 5 
consecutive days. Serum was collected one week later. 
The results of the above immunizations are discussed in Chapter 7. 
CHAPTER 6 
DEVELOPMENT OF AN IMMUNOASSAY FOR INSECT JUVENILE 
HORMONE III 
6.1 The Indirect Enzyme-Linked Immunosorbent Assay for Juvenile Hormone III 
Following the model for the methoprene indirect ELISA (Chapter 3, section 
3.3.), an indirect ELISA for juvenile hormone was developed using antisera collected 
from the four rabbits immunized with the juvenile hormone immunogen (11). The 
procedures described in section 3.3.1. were followed to determine the best conditions 
for carrying out the assay. 
6.1.1 Checkerboard Assay 
The juvenile hormone immunogen was used as the coating antigen on the 
solid support. The immunogen was first solubilized in carbonate buffer (pH 9.6, 1 
Mg/pl), and from this stock solution, working solutions were prepared in carbonate 
buffer (1.0-10.0 ng/100 pi). The juvenile hormone immunogen was immobilized to 
the surface of Coming microtiter plates by incubating plates with the working 
solutions. The behavior of antisera toward human serum albumin was also tested by 
reserving one column on the microtiter plate for human serum albumin, which had 
been coated at the same concentration as the juvenile hormone immunogen. A 
typical checkerboard plate is shown in Table 6. In this case, antisera from RIVJH-4 
was diluted from 1:1000 to 1:20,000, and tested against the juvenile hormone 
immunogen 
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coated on the plate from 1 ng/100 pL to 100 ng/100 pL. The plate had been incubated 
with the immunogen for 4 h at 37 °C before washing and addition of the RIVJH-4-4 
antiserum. Primary rabbit antisera was incubated with the plates for 4 h at 37 °C, 
followed by a washing step. Secondary antisera was incubated for 2 hr at 37 °C, 
washed and a substrate-chromogen solution was added (section 3.3.1.). Plates were 
allowed to develop from 15 min to 1 h before stopping the reaction with sulfuric acid. 
The ideal conditions should give the most intense optical density value of about 1 unit 
after allowing the plate to develop with substrate and chromogen for 30 min. 
Table 6. Checkerboard assay for antiserum from RIVJH-4. Units are reported as 
optical density. Secondary goat, anti-rabbit horseradish peroxidase antibodv was 
diluted 1:20,000. 
aNo ^No 100 ng/well 
Ag AB 1 2 3 
50 ng/well 10 ng/well 1 ng/well 
4 5 6 7 8 9 10 
c0.053 0.053 1.733 1.686 1.738 1.686 1.743 1.679 1.316 1.287 0.508 0.585 
c0.059 0.051 1.827 1.822 1.846 1.795 1.723 1.784 1 314 1.404 0.697 0.563 
rf0.040 0.038 1.699 1.488 1.530 1.513 1.307 1.335 0.702 0.699 0.143 0.128 
d0.044 0.041 1.570 1.584 1.613 1.446 1.420 1.389 0.773 1.196 0.192 0.180 
0.044 0.037 1.287 1.357 1.287 1.020 1.042 1.080 0.446 0.395 0.077 0.084 
<’0.041 0.038 1.264 1.340 1.336 1.059 1.206 1.139 0.493 0.490 0.082 0.073 
/0.042 0.039 1.138 1.105 1.191 0.927 0.884 0.892 0.341 0.331 0.067 0.083 
A).039 0.040 1.076 1.143 1.159 0.886 0.944 0.435 0.371 0.339 0 076 nn6i 
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According to the data in Table 6, the best assay conditions for RIVJH-4 were 
a coating concentration of 50 ng/100 pL, and a serum dilution of 1:10,000. Under 
these conditions, a maximum absorbance of 1.0 OD was obtained after approximately 
one half hour incubation time with substrate and chromagen. However, these data 
were misleading because the plate was initially incubated with the coating antigen for 
only 4 h. Subsequent testing showed that microtiter plates could be coated with 10 
ng/100 pL (or less) if plates were incubated with the antigen for 5 h at 37 °C, 
followed by 31 h at room temperature. It was found that the longer incubation time 
gave more consistent coating of plates. 
Using 10 ng/100 pL as a standard coating antigen, and secondary enzyme- 
conjugated antisera at a dilution of 1:10,000, the specificity of the anti-juvenile 
hormone antisera for juvenile hormone was investigated. Initially, only two rabbits, 
RFJH-1 and RMJH-2, were immunized with the juvenile hormone immunogen. We 
had hoped that these two animals would produce antisera with high antibody titers 
and good specificity for juvenile hormone III. 
6-1*2 Binding of Anti-Juvenile Hormone Antisera to the Carrier Protein. Human 
Serum Albumin 
As mentioned above, human serum albumin was also coated on the microtiter 
plates to check for binding to the carrier protein. Very intense binding was observed 
to human serum albumin with both RFJH-1 and RMJH-2. To remove those 
populations of antibodies specific for human serum albumin, the antisera was 
absorbed with both native human serum albumin and glutaraldehyde cross-linked 
human serum albumin, as follows. 
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6.1.3 Adsorption of Antisera with Human Serum Albumin 
Normal saline (0.5 M NaCl, 0.1 M KH2PO4, 0.1% Thimerosal, pH 7.0) and a 
solution of human serum albumin (2.5 mg/1 mL) in normal saline were prepared. 
Three microcentrifuge tubes (1.5 mL, Fisher, Pittsburgh, PA) were set up. Normal 
saline (300 pL) was added to the first (undiluted HSA), followed by 100 pL of the 
human serum albumin solution. The tube was shaken, and 200 pL of the solution was 
added to the second tube followed by 200 pL normal saline (lx dilution). The tube 
was shaken, and 200 pL of this solution was added to the third tube followed by 200 
pL normal saline (2x dilution). The third tube was shaken and 200 pL of the solution 
was removed and discarded. Each of the three tubes then received 100 pL of anti¬ 
juvenile hormone antiserum. The tubes were incubated for 2 h at 37 °C, and placed 
at 4 °C for 48 h. The tubes were centrifuged in a Microfuge 11 (Beckman 
Instruments, Inc., City, State), 10 min, 9000 x g. A precipitate was seen in the lx and 
2x dilutions of human serum albumin. Sera so treated were tested for binding to 
human serum albumin in the indirect ELISA. It was found that the background 
binding to the immunogen was reduced by about 50%. 
6-1-4 Cross-linking of Human Serum Albumin with Glutaraldehyde. 
Because the antisera still displayed binding to human serum albumin, the 
protein was cross-linked with glutaraldehyde, thus forming large protein complexes 
in order to induce further precipitation of human serum albumin-specific antibodies. 
Human serum albumin (60 mg) was in phosphate buffered saline (0.1 M, 2 
mL) added to a solution of 0.2% glutaraldehyde (10 pL 70% glutaraldehyde in 3.49 
mL phosphate buffered saline) (Harlow and Lane, 1988). The solution was stirred for 
2 h at mom temperature. During this time, the solution turned yellow. Glycine (0.2 
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M, 2 mL in 0.1 M phosphate buffered saline) was added to the solution to stop the 
reaction. The solution was stirred for an additional 2 h, and then transferred to a 
dialysis bag (MW cutoff 12,000-14,000), and dialyzed against phosphate buffered 
saline (2 L). The solution (7.5 mL) was centrifuged (8000 x g, 20 min), and a small 
amount of a precipitate was seen. This glutaraldehyde cross-linked human serum 
albumin solution was then added to the juvenile hormone antiserum as described 
above. 
Antisera which had been treated with glutaraldehyde cross-linked human 
serum albumin displayed further reductions in the binding to human serum albumin 
in the indirect ELISA (approximately twice background values, i.e. if background 
optical density equaled 0.035, then the human serum albumin optical density was 
about 0.065). 
6.2 Specificity of Anti-Juvenile Hormone III Antisera for Juvenile Hormone III 
Once it was established that the anti-juvenile hormone HI antisera from 
rabbits RFJH-1 and RMJH-2 had an affinity for the juvenile hormone immunogen, 
and that the background binding to the carrier protein could be eliminated by 
preadsorbing the antisera with cross-linked human serum albumin, the next step was 
to determine the specificity of the antisera for the target molecule, juvenile hormone 
m. 
Sigma Juvenile Hormone III vs. Juvenile Hormone III Synthesized bv Joanne. 
Using the indirect ELISA, juvenile hormone III was introduced into the assay 
by adding the hormone, in an organic solvent, to precoated microtiter plates (10 
ng/well immunogen). The anti-juvenile hormone antisera (absorbed with cross- 
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linked human serum albumin) from RFJH-1 and RMJH-2 were added. RFJH-1 was 
routinely diluted 1:40,000, while RMJH-2 could be diluted up to 1:100,000, but was 
routinely used at a dilution of 1:80,000. It was observed that the antisera did not 
competitively bind juvenile hormone III, regardless of how the hormone was 
introduced into the assay. 
Juvenile hormone III was first added to the indirect ELISA in methanol at 
concentrations from 1 ng to 2000 ng/5 pL. This method was taken directly from the 
protocol for the methoprene indirect ELISA, where the assay could take up to 10% 
methanol/ well. Because the antisera did not seem to bind free juvenile hormone HI, 
the nature of the hormone was investigated. 
It was discovered that juvenile hormone III was unstable in methanol. A 
stock solution of juvenile hormone (Sigma, 75% pure) had been prepared in methanol 
in January of 1990. This stock solution was initially used to prepare different 
concentrations of juvenile hormone III for the indirect ELISA. Thin layer 
chromatography of the stock solution showed many spots compared to juvenile 
hormone III (one spot) which had been synthesized (by Joanne) in August of 1990 
and kept dry (Figure 21). All spots except for one from the Sigma juvenile hormone 
were accounted for as intermediates formed in the process of synthesizing the 
hormone. (Apparently Sigma does not purify intermediates, thus the 75% pure 
designation on the label). The unidentified spot (Rf 0.23, 20% ethyl acetate:hexane) 
was the most intense and probably corresponded to the methoxyhydrin product 
formed by addition of-OCH3 to the epoxide at carbon 11 of juvenile hormone III. It 
was clear that juvenile hormone III could form other materials upon standing in 
methanol. Since it was unknown, at this time, how the antisera might cross react with 
juvenile hormone intetmediates, nor was the actual content of the commercial 
juvenile hormone III known (75% juvenile hormone HR, Joanne's juvenile hormone 
in was used in the assay. When it was later clear that the impurities present in the 
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Sigma juvenile hormone ID would not interfere with the indirect ELISA, it was 
subsequently used for routine analysis. 
6.2.2 Effect of Solvent in the Juvenile Hormone III Indirect ELISA 
Despite the fact that methanol is an excellent solvent for ELIS As, it was 
shown to be a poor solvent for maintaining the integrity of juvenile hormone HI. It 
was hypothesized that using methanol to introduce juvenile hormone to the indirect 
ELISA, changed juvenile hormone HI into a compound not recognized by the 
antisera. Solvents such as dimethylsulfoxide (DMSO), acetonitrile (CH3CN), and 
tetrahydrofuran (THF), which have been shown to be compatible with indirect 
ELIS As (Harrison et al., 1991b), were then used to introduce juvenile hormone to the 
indirect ELISA. 
Stock solutions were prepared in each solvent from Joanne's juvenile hormone 
III. The hormone was added to the indirect ELISA followed by antisera RFJH-1 
(1:40,000) and RMJH-2 (1:80,000), and the competitive binding of the antisera for 
free juvenile hormone in was assessed as a function of solvent. The immunizing 
hapten, juvenile hormone ffl-spacer acid (30) was also tested in acetonitrile and 
combinations of THF (Table 7). 
It was observed that THF dissolved the polystyrene microtiter plate if applied 
directly to the plate. In order to use this solvent, juvenile hormone m in THF was 
first added to glass test tubes (6 x 50 mm, Kimble, Toledo, Ohio), followed by the 
appropriate dilution of antiserum (100 pL/tube). The tubes were mixed and the 
contents of each dispensed into microtiter wells. A 50:50 (v/v) mixture of THF and 
Tris-buffered saline, with and without Tween 20 was also tested to differentiate 
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Table 7. Effect of solvents used to introduce juvenile hormone HI and the hapten, 
ffcTti ^°5r!rl<wTT?tsPacer acid’t0 ^direct ELISA. Antisera from both rabbits, 
RFJH-1 and RMJH-2 behaved in the same way. 
Competitor Solvent 
Concentration 
Range 
ng/well 
%solvent/well 
Competition 
at highest 
concentration ? 
Yes/No 
Juvenile Hormone 
IIP 
MeOH 0.01-1000 5 NO 
Juvenile Hormone 
in* ch3cn 1-2000 5 NO 
DMSO 1-2000 5 NO 
Juvenile Hormone 
Ill-Spacer Acid^ 
ch3cn 1-2000 5. NO 
THF 1-2000 5 Plate 
melted 
THFC 1-2000 5 
10 
NO 
NO 
THF/TBS 
with TW 20d 1-2000 2.5 
5 
NO 
NO 
without 
TW20d 
1-2000 2.5 NO 
NO 
or without Tween 20. F S ourrerea saline, 50.50 v/v mixture, with 
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possible effects of Tween 20 (Hill et al, 1991). Table 6 summarizes the many 
experiments conducted to observe solvent effects. 
It became apparent that the type or amount of solvent used to carry the 
competitor into the indirect ELISA had no effect on the assay. The antisera from the 
first two animals immunized with the juvenile hormone immunogen did not 
recognize either juvenile hormone ID or the hapten used to make the immunogen. 
The antisera did seem to recognize juvenile hormone in association with human 
serum albumin, as seen by the fact that the antisera could bind the immunogen even 
after removing those populations of antibodies with affinities for human serum 
albumin. This phenomenon is not unusual when trying to obtain antibodies against 
small molecules (Harrison et al., 1991a). 
6.3 Behavior of Antisera from Rabbits RFJH-3 and RIVJH-4 
Because the first two animals immunized with the juvenile hormone 
immunogen did not respond in the desired manner, two additional rabbits were 
immunized, RFJH-3 and RIVJH-4, respectively. Antisera were collected as described 
(See Chapter 5) and characterized. 
6.3.1 Indirect ELISA Conditions for RFJH-3 and RIVJH-4 
Using the indirect ELISA it was found that antisera from RFJH-3 and RIVJH- 
4 also had affinities for human serum albumin. They were absorbed with 
glutaraldehyde cross-linked human serum albumin, and dilutions of the preadsorbed 
antisera were made in an antibody buffer containing 0.1% human serum albumin. 
These two measures effectively eliminated binding to the carrier. 
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Checkerboard assays were conducted as in Table 6, with the best coating 
conditions found to be 10 ng/well (100 pL volume), with plates incubated at 37 °C 
for 5 h, followed by 31 h at room temperature. The first collection of antiserum from 
RFJH-3 was routinely used at a dilution of 1:20,000, however, color development of 
the plate could be accelerated if a 1:15,000 dilution was used. Under these 
immunogen coating conditions, the first collection of antiserum from RTVJH-4 could 
be diluted to at least 1:40,000, however, more work needs to be done to establish the 
best dilution and coating concentration for this antiserum. 
6.3.2 Development of an Indirect ELISA for Juvenile Hormone III Using 
Antiserum from RFJH-3 
The first collection of antiserum from RFJH-3 was used to develop an indirect 
ELISA for juvenile hormone HI. Acetonitrile was used to introduce juvenile 
hormone III to the assay. Standard solutions of juvenile hormone El (synthesized by 
Joanne) in concentrations from 0.01 to 1000 ng/5 pL acetonitrile were prepared. 
Standards were added to wells in triplicate (5 pL/well), followed by RFJH-3 
antiserum diluted 1:20,000 in antibody buffer containing 0.1% human serum albumin 
(100 pL/well). Microtiter plates were incubated 4 h at 37 °C, washed, and secondary 
enzyme-conjugated antibody was added (1:10,000, 100 pL/well). The were incubated 
2 h at 37 °C, washed, and substrate and chromogen added. Color development was 
stopped with 2 M sulfuric acid (50 pL/well), and plates were read at 450 nm in the 
Molecular Devices microtiter plate reader. 
Figure 24 illustrates a standard curve for insect juvenile hormone III, where 
optical density is plotted vs. juvenile hormone IE added (ng/well). The curve has a 
linear range from 10 to 1000 ng/well. Figure 25 shows the same data plotted as % 
126 
o 
T3 ►—H 
c3 
CO 
<D 
ti'O c 
127 
o 
<L> 
c 
> 
H
or
m
on
e 
(n
g/
we
ll)
 
128 
£ ° 
c 
g o 
3 od 
o hi 
-T3 C —j 
'O g 2 
§ 8|p 
•4—» # *—< 
w «>o 
. > <N 
(/■) C <N 
(NO*-. 
• *-H ^ fli +-* ^ i4-' • i-H O 
sfi| bXj_c cd 
E.S3 
129 
o 
o 
uoniqjqui % 
Ju
ve
ni
le
 
H
or
m
on
e 
(n
g/
we
ll)
 
130 
Inhibition vs. juvenile hormone ID added (ng/well). The I50 of the assay occurs at 
about 225 ng/well. 
Clearly the antiserum from RFJH-3 could detect juvenile hormone in in a 
dose response manner. A standard curve for RIVJH-4 antiserum was also made, with 
the linear range of the curve from 10 to 10,000 ng/well (Figure 26). The optical 
density for the assay using this antibody never dropped below one optical density 
unit. The I5g for the RIVJH-4 antibody was also quite high at 3000 ng/well, 
compared to 225 ng/well for RFJH-3 (Figure 27).. 
6.3.3 Cross Reactivity of RFJH-3 Antiserum 
Several juvenile hormone derivatives, homologs, and analogs were tested in 
the indirect ELISA. Juvenile hormone III bisepoxide and the juvenile hormone diols 
were gifts from Dr. Fred Baker (Sandoz). Antiserum from the first collection of 
RFJH-3 was used in all cases. The antiserum was diluted 1:20,000, while the 
secondary enzyme-conjugated antibody was diluted 1:10,000. Microtiter plates were 
incubated with substrate and chromogen, on average, 30 minutes. Figures 28, 29, and 
30 show the % inhibition curves for the compounds tested against the anti-juvenile 
hormone III antiserum. In all curves, the juvenile hormone III standard curve is 
shown for comparison. 
Several compounds could inhibit the anti-juvenile hormone III antibody at the 
50% level of inhibition. These include juvenile hormones I (5) and II (6) (Figure 29), 
juvenile hormone III bisepoxide (methyl 6,7:10,1 l-bisepoxy-3,7,1 l-trimethyl-(2£)- 
dodecenoate, JHB3) (33) (Figure 30), which was discovered recently as a putative 
juvenile hormone of higher Diptera (Richard et al„ 1989a), and famesoic-spacer acid 
(29) (Figure 28). Table 8 lists the percent cross reactivity of each compound, where 
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percent cross reactivity is defined as the I50 juvenile hormone M/I50 test compound x 
100. 
Two other compounds could inhibit the assay to a lesser extent, at the 20% 
inhibition level (Table 9). These include juvenile hormone III acid (8) (Figure 30), 
and juvenile hormone El-spacer acid (30) (Figure 28). Methyl famesoate (21) and 
famesoic acid (22) could not inhibit the juvenile hormone IE antibody at the 20% 
inhibition level. Nor were the juvenile hormone diols recognized by the antibody. 
All of the materials in Table 9 were used as intermediates in the synthesis of the 
juvenile hormone immunogen. 
If some of the above experiments were repeated under slightly different 
conditions, namely using a 1:15,000 dilution of the RFJH-3 antibody and a 1:7500 
dilution of the secondary enzyme-conjugated antibody, the I50's of the competitors 
could be decreased to 200 ng/well juvenile hormone IE, 500 ng/well juvenile 
hormone II, and 2000 ng/well juvenile hormone I (Figure 31). 
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CHAPTER 7 
DISCUSSION AND CONCLUSIONS 
7.1 Characteristics Important to the Development of Methoprene 
Immunochemical Assays 
Several features are of importance for the development and implementation of 
the methoprene immunochemical assays. 
7.1.1 The Methoprene Immunogen 
The development of immunochemical assays for methoprene was based on 
the synthesis of several derivatives necessary for the preparation of the methoprene 
immunogen (10). The immunogen contained a spacer arm to allow for the 
recognition and subsequent generation of antibodies by cells of the immune system. 
Animals challenged by the methoprene immunogen developed antibodies against 
methoprene, the hapten, methoprene-spacer acid (16) (Figure 12), and the carrier 
protein, human serum albumin, in all animals except for one rabbit. 
^•1*2 Behavior of Anti-Methoprene Antisera 
The methoprene indirect ELISA was used to assess the cross reactivity of the 
anti-methoprene antisera to related compounds and derivatives. As illustrated by 
Figure 12, the I50 for methoprene was about 25 ng/mL, while the I50 for methoprene- 
spacer acid (16) was 70 ng/mL. Methoprene acid had an I50 of 50 ng/mL. The I50 
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methoprene/Ljo test ratios related a cross reactivity of 35.7% for methoprene-spacer 
acid, and 50% for methoprene acid. These figures indicate that the methoprene 
antibody could recognize the analyte and the hapten, and that the spacer arm had a 
role in the presentation of the hapten to the rabbit T cells. The antibody preferentially 
bound methoprene over the hapten with the bridging group. 
This result is contrary to other reports where derivatives containing spacer 
arms were recognized by antibodies to a greater degree than the specific analyte 
containing no spacer arm (Vallejo et al., 1982), or one that changed critical 
determinants for antibody recognition (Wei and Hammock, 1984). For the 
diflubenzuron assay (Wei and Hammock, 1984), the spacer was attached through the 
ring NH of the analyte. Specific antibodies were produced, but the target analyte 
could not compete the antibody off the plate coating antigen (Harrison et al., 1991a). 
Antibodies against short chain alkyl acid haptens produced no inhibition in 
homologous assay systems (where coating hapten and free hapten are similar), but 
gave acceptable sensitivities when the spacer length of the coating antigen was 
increased by (CH2)3 (Harrison et al., 1991a). The methoprene spacer arm was 
smaller ((CH^) than those often used ((CH2)3-(CH2)8), and although it has been 
recommended that longer spacer arms produce more specific antibodies (Kinsky et 
al., 1984, Scott et al., 1982; Hashimoto et al., 1986), the (CH2)2 spacer performed 
well in our system. 
Of the four rabbits immunized with the methoprene immunogen, three 
animals displayed a strong immune response to the carrier protein, human serum 
albumin. This could be diminished by adsorbing the antisera against the carrier. The 
antiserum of one rabbit, however, displayed a marked preference for the methoprene 
immunogen, with minimal recognition of the carrier. 
This result is also contrary to reports of raising antibodies against small 
molecules. Several populations of antibodies are generally induced by the carrier 
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protein. To separate binding to the carrier from binding to the hapten in the indirect 
ELISA, coating antigens have been used which consisted of the hapten convalently 
bound to a carrier protein different from that of the immunizing carrier. Under such 
systems, binding to earners is minimized, thus any binding seen may be interpreted 
as specific for the hapten. Cross reactivity studies for the analytes or analyte 
derivatives may then give information about the specificity of and sensitivity of 
resulting immunochemical assays. This strategy has enabled the development of 
indirect ELISAs for the herbicide molinate (Gee et al., 1988), the j-triazine 
herbicides (Harrison et al., 1991b) and the benzoylphenylurea insecticides (Wei and 
Hammock, 1984). 
The methoprene indirect ELISA did not make use of an alternate carrier 
protein for the coating antigen. Because the anti-methoprene antiserum did not 
display binding to the carrier (albeit an unusual result), the indirect ELISA was 
developed using the methoprene immunogen as the coating antigen. This success led 
to the development of a competitive inhibition enzyme immunoassay for methoprene 
which saved time and had improved sensitivity. 
Another interesting aspect of the behavior of the anti-methoprene antiserum 
was its reactivity towards S- vs. racemic methoprene (Figure 14). The methoprene 
immunogen was prepared from a sample of predominantly 7S-methoprene (>90%). 
It is not known if this sample contained R-methoprene, therefore, the presence of the 
R-form cannot be discounted. Nonetheless the anti-methoprene antibody showed a 
greater preference for S-methoprene in the CIEIA (I50 2 ng/mL for S-methoprene vs. 
6 ng/mL for the racemic mixture). The percent cross reaction of racemic methoprene 
was 33% (2/6 ng/mL x 100%), perhaps implying that the racemic mixture contains 
more R- than S-methoprene, if it is assumed that the antibody does not recognize R- 
methoprene. It would be helpful to know the exact content of the racemic mixture. 
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7.2 Immunochemical Methods for Detecting Methoprene 
As discussed ad infinitum, the methoprene indirect ELISA provided the 
foundation for the CIEIA. The CIEIA has a number of advantages over the indirect 
ELISA. First, the CIEIA format enabled the reduction in the interference from plant 
matrices seen with the indirect ELISA (Section 4.1.1, Mei et al., 1991; Hill et al., 
1991). Second, the amount of time needed to run the CIEIA was greatly reduced 
from that of the indirect ELISA. Plant materials extracted for use with the indirect 
ELISA had to cleaned up by chromatography (thin layer chromatography or solid 
phase extraction would have probably worked just as well) to remove interfering 
compounds. If this step was not done, the indirect ELISA was almost rendered 
useless (Figures 15 and 16). The CIEIA, on the other hand, did not need such a 
purification step, but simply diluted the organic plant extract (500 times, final 
dilution). The length of time needed for each incubation step was also reduced 
compared to the indirect ELISA. 
Thud, the CIEIA format required much less material for the coating of the 
microtiter plates. In the indirect ELISA, the methoprene immunogen was coated on 
the plates at the level of 10 ng/100 pL. One mg of immunogen would be enough to 
coat about 1000 microtiter plates. The immunogen, however, was quite a precious 
material in that much labor went into its preparation, with it being made in small 
quantities (2-5 mg/reaction). Different immunogens from different reactions also 
behaved differently in the indirect ELISA (Table 2). The immunogen, then, was a 
precarious limiting factor. 
The CIEIA format removed the need for coating plates with the immunogen 
by coating plates with the and-methoprene antibody. The antibody was laid down at 
a 1:40,000 dilution (100 pL/well). At that rate, 1 mL of antiserum could be used to 
coat 4000 microtiter plates. The andbody was a lesser limiting factor. The 
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methoprene -enzyme conjugate could be a limiting factor since it requires the 
synthesis of methoprene-spacer acid (16) and its covalent attachment to an enzyme. 
In this case, the methoprene-enzyme conjugate was used at a dilution of 1:35,000, 
again, making it readily available. It is the CIEIA which is currently available from 
Millipore, and it is this format which was correlated with other analytical techniques 
(Section 4.2). 
K • * t . i 
7-3 Juvenile Hormone III Immunogen Preparation 
The juvenile hormone ID immunogen was prepared through a series of 
synthetic steps designed to incorporate a four carbon spacer group between the hapten 
and its carrier protein. 
7-3-1 Oxidations and Hydrolysis of trans. ftY7M.y-Famesol H9) 
The synthesis of derivatives needed to prepare the juvenile hormone III 
immunogen (11) began with trans, trans famesol (19). This material underwent a 2- 
step oxidation sequence with an excess of Mn02 each time, to form methyl 
famesoate (21). Mn02 is a mild oxidant that is supposed to minimize isomerization 
around the a-double bond (at carbon 2). Despite statements in the literature that the 
trans configuration was maintained during the oxidation of famesol (Corey et al„ 
1968b; McCormick et al„ 1977), this was not necessarily the case. It was observed 
that when freshly prepared Mn02 was used to form the aldehyde, famesal (20), very 
little isomerization took place (See NMR, Appendix A, Figure A-l). Alternatively, if 
commercial Mn02 (Aldrich) was used for this oxidation, a mixture of cis, trans 
isomers was formed (See inset). The NMR spectrum for the aldehyde is quite clear, 
and allows good distinctions to be made. The NMR spectra of other famesoyl 
compounds do not allow such distinct differentiations of isomers to be made. It 
should be assumed, then, that the juvenile hormone HI derivatives prepared contained 
a mixture of 2,6-trans, trans and 2,6-cis, trans isomers. 
Another reaction where isomerization was a problem was the base hydrolysis 
of methyl famesoate (21) to famesoic acid (22). The type of base used also affected 
the degree of isomerization. Sodium hydroxide (2 M) was generally milder than 
potassium hydroxide (2 M), however, the hydrolysis reaction with sodium hydroxide 
took much longer (16 h vs. 6 h), and did not go to completion compared to the 
hydrolysis with potassium hydroxide. In general, sodium hydroxide minimized 
isomerization, though it did not eliminate it. 
7-3.2 Reaction of Famesoic Acid (22) with 2-(TrimethylsilvDethvI 4- 
Hydroxvbutanoate f23^ 
The four carbon spacer group was added to the famesoyl moiety through the 
reaction of famesoic acid (22) with 2-(trimethylsilyl)ethyl 4-hydroxybutanoate (23) 
(TMS-alcohol) to form the 2-(trimethylsilyl)ethyl-protected ester (24). The 2- 
(trimethylsilyl)ethyl-protecting group would later be removed under gentle reaction 
conditions, similar to those used to prepare the methoprene immunogen (10). 
Famesoic anhydride (25) was also formed as a by-product of the coupling 
reaction used to make the protected ester (24). The anhydride was made by the 
reaction between famesoic acid and the coupling reagent, dicyclohexylcarbodiimide 
(DCC). A reactive intermediate was made by DCC and a molecule of famesoic acid. 
At this point a molecule of the TMS-alcohol (23) would attack the intermediate to 
give the ester (24) and dicyclohexyl urea (DCU). This did not always occur, 
however. In some cases, another molecule of famesoic acid attacked the reactive 
intermediate to give the anhydride (25) and DCU. The anhydride was quite stable 
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and was always formed to a lesser degree (about 10%). It was easily isolated by flash 
chromatography, followed by the TMS-protected ester (24). 
7.3.3 Oxidation of 2-(Trimethylsilvnethvl 4-H0.1 l-epoxv-3.7.1 l-trimethvl-2.6- 
dodecadienovloxvlhutanoate f271 
The terminal double bond of compound 24 (at carbons 10,11) could be 
epoxidized by several reagents, the most common being /w-chloroperbenzoic acid (m- 
CPBA) or A-bromosuccinimide (NBS). m-CPBA is less selective and could attack 
either or both unconjugated double bonds. In fact, w-CPB A was the reagent used to 
form the diepoxide, juvenile hormone bisepoxide (33), by using a 10% excess of the 
reagent (Table 8) (Richard et al., 1989a). NBS, however was used here, to form the 
monoepoxide following the procedure of McCormick et al. (1977) used to prepare 
juvenile hormone HI from methyl famesoate. The NBS epoxidation reaction of 
compound 24 was carried out in aqueous t-butanol, the dogma being that the 
terpenoid would coil in such a way as to protect the internal double bonds, but expose 
the terminal double bond to nucleophilic attack (van Temelen and Sharpless, 1967; 
van Temelen, 1968; Budt et al., 1986). After formation of the bromohydrin, the 
epoxide ring was made by the addition of an excess of K2C03 in methanol. 
When these reaction were duplicated with the TMS-protected ester (24), the 
bromohydrin (26) was formed, as expected. However reaction of 26 with an excess 
of K2C03 in methanol not only caused epoxide ring closure, but also caused 
methanolysis of the ester (24) to give juvenile hormone HI (28). This result was an 
unexpected, but pleasant surprise. 
To avoid hydrolysis of 24, the second step of the sequence was modified. The 
solvent, methanol, was replaced with dry THF, and the phase transfer catalyst, 18- 
crown-6, was added to aid in the solubilization of K2C03. These changes gave the 
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desired product (27) (Figure 21). The need for the phase transfer catalyst was not 
thoroughly studied, in that the reaction was not conducted in the absence of the 
catalyst. This sequence of reactions gave a juvenile hormone derivative with the 
spacer group incorporated, but still protected by the TMS-ethyl moiety (27). 
The next step in the synthesis of a juvenile hormone Ill-spacer derivative was 
the removal of the TMS-ethyl group by tetraethyl ammonium fluoride. This reaction 
had been successfully carried out for the methoprene-spacer-TMS protected 
derivative as a model system (Mei, 1988; Mei et al., 1991). The fanesoyl-spacer- 
TMS protected derivative (24) was first deblocked in CH3CN with gentle heating for 
18 h, to give fanesoyl-spacer acid (29). Juvenile hormone Di-spacer-TMS protected 
derivative (27) was deblocked under similar conditions, but the reaction only took 3 h 
at room temperature, to afford juvenile hormone Ill-spacer acid (30). 
7.3.4 The Juvenile Hormone ni Immunogen (TH 
To form the juvenile hormone ID immunogen, an activated ester derivative of 
juvenile hormone Di-spacer acid (32) was prepared from the reaction of juvenile 
hormone Ill-spacer acid (30) with N-hydroxysuccinimide (31) in a DCC coupling 
reaction. Following purification of the activated ester (32) by flash chromatography, 
it was reacted with human serum albumin in THF/phosphate buffer (pH 9.0) to give 
the juvenile hormone III immunogen (11). These conditions followed the procedures 
developed for the methoprene immunogen (10). 
The hapten density of the juvenile hormone Di-protein conjugate was 
determined colormetrically using the reagent, trinitrobenzenesulfonic acid (Habeeb, 
1966). The procedure was simple and it determined that there were approximately 43 
molecules of juvenile hormone Ill/molecule protein. This value agrees with those 
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determined by other methods for the methoprene immunogen prepared under similar 
reaction conditions (Mei, 1988). 
7.4 Characterization of Anti-Juvenile Hormone ID Antisera 
Four rabbits were challenged with the juvenile hormone IE immunogen. Two 
rabbits were initially immunized, one using Maalox® (protocol provided by Dr. Jeff 
Actor) as the adjuvant. Regardless of the adjuvant used, all rabbits immunized 
showed high antibody titers. However antisera from neither of the first two animals 
immunized competed for free juvenile hormone El in the indirect ELISA. The 
antisera collected did bind both the carrier protein and the juvenile hormone IE 
immunogen. Binding to the carrier protein was virtually eliminated by adsorbing the 
antisera with human serum albumin and/or glutaraldehyde cross-linked human serum 
albumin, but this did not increase the binding to free juvenile hormone El. 
It was then suspected that the hormone used in the competitive indirect 
ELISA was not juvenile hormone EI. This was confirmed with chromatography, 
which showed that commercial juvenile hormone EI, upon standing in methanol, will 
be converted to more polar materials. In fact, the antisera from these two rabbits did 
not bind juvenile hormone EI at all, regardless of the type of solvent used in the 
assay. The antisera also did not bind the hapten, juvenile hormone IE-spacer acid. 
Use of these sera was abandoned and two more rabbits were immunized with the 
juvenile hormone EI immunogen. 
Much better results were obtained from rabbits RFJH-3 and RIVJH-4. After 
adsorbing the antisera with human serum albumin, competition curves were seen with 
the addition of juvenile hormone IE (Figures 25 and 27). The adsorption step could 
be eliminated by simply diluting the antisera in an antibody buffer containing 0.1% 
human serum albumin. It also became clear from cross reactivity studies (Figure 28) 
that methyl famesoate (21), which may contaminate Sigma juvenile hormone El did 
not compete with the anti-juvenile hormone El antibodies. Subsequent indirect 
ELIS As used Sigma juvenile hormone IE as the juvenile hormone IE standard, and 
corrected for impurities by multiplying the concentrations by 0.75. 
The use of four different immunization schedules did not give any clear 
indication as to which schedule may give the best results, in terms of titer and 
specificity. All rabbits responded to the immunizations with high antibody titers, 
however the specificity of the sera differed greatly. It seems that specificity is 
controlled by the animal's individual response. It may then be prudent to immunize a 
number of animals with the same antigen, with or without varying the immunization 
schedule. 
7.4.1 Cross Reactivity of the Juvenile Hormone El Antiserum 
Several juvenile hormone homologs were tested in the indirect ELISA and 
were found to inhibit the anti-juvenile hormone III antibody at the 50% level, notably 
juvenile hormone E (6) and juvenile hormone I (5) (Figure 28). The percent cross 
reactivity of these compounds was calculated and showed that the antibody had 
greater binding to juvenile hormone E (28.1%) than juvenile hormone I (4.5%) 
(Table 8). This result nicely illustrates how the antibody will react with materials 
which differ only slightly in structure. JHB3 had a percent cross reactivity between 
juvenile hormones II and I (7.25%), illustrating, perhaps that the configuration about 
the epoxide ring was important for antibody recognition. Another compound to show 
50% inhibition of the antibody was famesoyl-spacer acid (29) (9%). 
The ability of famesoyl-spacer acid to inhibit the antibody is somewhat 
confusing in that other materials which more closely resemble juvenile hormone El in 
structure inhibited the antibody to a much lesser degree (Table 9). Juvenile hormone 
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IE acid (8) and juvenile hormone HI spacer-acid (30) could both inhibit the antibody 
at the 20% level with cross reactivities of 15% each. Competition from methyl 
famesoate (21) and famesoic acid (22) never reached 20% of juvenile hormone ffl, 
nor did juvenile hormone II diol or juvenile hormone III diol (9). 
7.4.2 Comparison of the Juvenile Hormone in Indirect ELISA to the Juvenile 
Hormone Radioimmunoassay 
Unlike radioimmunoassay, the indirect ELISA does not need a radiolabeled 
tracer which competes for antibody binding sites with unlabeled competitors. The 
sensitivity and specificity of a radioimmunoassay will differ depending on the ability 
of the antibody to bind the tracer. It may be more difficult for a competitor to 
compete with some labeled tracers versus others. This has often been the case for the 
radioimmunoassays for juvenile hormone. However, the major pitfalls of the existing 
juvenile radioimmunoassay method include the lack of specificity of the juvenile 
hormone antibodies, the degree of cross reactivity of the juvenile hormone antibodies 
with other lipid contaminants, even after partial purification of the juvenile hormones 
(Baker, 1991), and the lack of correlation of results with other analytical methods. 
This is not to say that the juvenile hormone indirect ELISA will not have 
similar drawbacks when used on biological samples. The indirect ELISA, however, 
has shown reproducible standard curves for juvenile hormone ID from different 
synthetic sources. The cross reactivity for homologs was 28% for juvenile hormone 
II and 4.5% for juvenile hormone I, compared to 71% for juvenile hormone II and 
52% for juvenile hormone I reported for the most recent juvenile hormone III 
radioimmunosassay (Goodman et al., 1990), although these latter values may change 
dramatically with different radiolabeled tracers. 
In the indirect ELISA, juvenile hormone HI easily and quantitatively 
competed for antibody binding sites. This competition was visualized 
colormetrically, thus greatly simplifying the assay protocol compared to 
radioimmunoassay (or other juvenile hormone analytical techniques, for that matter). 
Should it prove that the juvenile hormone HI indirect ELISA can quantify juvenile 
hormone III from biological samples, this technique will be a great improvement over 
current methods and will provide a very important contribution to the field of insect 
biology. 
7.5 Future of the Juvenile Hormone III Indirect ELISA 
The current juvenile hormone in indirect ELISA may not be as sensitive as 
what most researchers would like to use. In other words, the assay needs 225 ng of 
juvenile hormone El to inhibit 50% binding of the anti-juvenile hormone El 
antibody. Most analytical techniques for juvenile hormone quantification, can 
measure the hormone at the nanogram or sub-nanogram level. However, for some 
larger insects, such as the American cock roach or the tobacco homworm, the assay 
could be used if several insect samples are pooled. 
Even so, by adjusting assay conditions, such as the amount of coating antigen 
or antibody dilutions, one should be able to shift the linear range of the standard 
curve toward the single nanogram level. It is conceivable that an enzyme 
immunochemical assay could be available soon, with a high specificity for juvenile 
hormone III, and the ease of use. 
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APPENDIX A 
NUCLEAR MAGNETIC RESONANCE SPECTRA 
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APPENDIX B 
INFRARED SPECTRA 
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